YAn24 1925 
THIS NUMBER COMPLETES VOLUME X 


DECEMBER, 1920 


No. 3, 


OIL SCIENCE 


FOUNDED BY 


RUTGERS COLLEGE 
NEW BRUNSWICK, N 


JACOB G. LIPMAN, Editor-in-Chief 
CARL R. WOODWARD, Assistant Editor 


IN CONSULTATION WITH 


Dr. F. J. Anwar 
University of are, St. Paul, Minn. 
Pror. C. BARTHE 
tralanstalten foe Forsdksvasendet p& Jordbruksomradet 
Stockholm, Sweden 
. BEIJERINCK 


Rutgers College, New Brunswick, N. J. 
Dr. P. E. Brown 
Towa State College of Agriculture, Ames, Iowa 
ALBERT BRUNO 
Ministry of Agriculture, Paris, France 
Director H. R. CuristeENsEN 
Statens Planteavis-Laboratorium, Copenhagen, Denmark 
Dr. H. J. Conn 
New York State Experiment Station, Geneva, N. Y. 
Pror. Dr. H. von FEinitzEn 
Centralanstalten for Férsdksvisendet pA Jordbruksomradet 
Stockholm, Sweden 
Dr. E. B. Frep 
University of Wisconsin, Madison, Wis. 
Dr. J. E. 
tah Agricultural College, Logan, Utah 
Drrector AcH. GREGOIRE 
Agricultural Experiment Station, Gembloux, Belgium 
Dr. R. Greiac-SmiTH 
lannesn Society, Sydney, New South Wales 
Dr. B. L. 
Rhode Island Experimental Station, Kingston, R. I. 
Cuas. E. THorn 


Dr. C. B. Lipman 

University of California, Berkeley, Calif. 
Dr. Burron E. Livinaston 

Johns Hopkins University, Baltimore, Md. 
Dr. F, Léunis 

U.S. Department of Agriculture, Washington, D. C. 
Dr. T. L. Lyon 

Cornell University, Ithaca, N. Y. 
Dr. M. M. McCoou 

Michigan Agricultural College, East Lansing, Mich. 
Dr. W. H. McIntire 

Tennessee Experiment Station, Knoxville, Tenn. 
Dr. E. A. MitscHERLICH 

University of Kénigsberg, Prussia 
Pror. C. A. Moors 

Tennessee Experiment Station, Knoxville, Tenn. 
Dr. THEo. Remy 

Institut fiir Boden- und Pflanzenbaulehre, Bonn a. Rh. 
Pror. G. Rosst 

Royal Agricultural High School in Portici, Naples, Italy 
Dr. E. J. RussELL 

Rothamsted Experiment Station, Harpenden, England 
Dr. O. ScHREINER 

U.S. Department of Agriculture, Washington, D.C. 
Dr. Atexius A. F. pg 

Royal Joseph University of Technicology, Budapest, 
Hungary 


Experiment Station. Ohio 


PUBLISHED MONTHLY BY 
WILLIAMS & WILKINS COMPANY 
BALTIMORE, MD., U. S. A. 


Entered as second-class matter May 12, 1919, at the post office at Baltimore, Maryland, under the act of March 3, 1879. 
Copyright 1920, by Williams & Wilkins Company 


$6.00 per year, two volumes, United States, Mexico, Cuba 


Price $6.25 per year, two volumes, Canada 
.50 per year, two volumes, other countries 


: 
VOL. X 
2 

h 

Ace 

3 
: ve Technische-Hoogeschool, Delft, Holland 

Pror. A. W. Buair 

3 4 | 


SOIL SCIENCE 


Contents for December, 1920 
Atsert L. Waitinc AND Warren R ScHoonover. Nitrogen Fixation by Cowpeas and 


B. R. LEAcu. A Study of the Behavior of Carbon Disulfide when Injected into the Soil and 
- its Value as a Control for the Root-form of the Woolly Apple Aphis.................. ort 3 


Atrrep P. DacunowskI. Peat Deposits in the United States and their Classification..... «+. 453 


Ernest VAN AtstinE. The Determination of Hydrogen-Ion Concentration by the Color- 
imetric Method and an Apparatus for Rapid and Accurate Work........ Gos tice tee 467 


A. G. McCart anp J. R. Haac. The Hydrogen-Ion Concentration of Certain Three-Salt 
Nutrient Solutions for Plants. 


G. D. Buckner, A. M. PETER AND E. J. Kinney. The Concentration of Sodium Nitrate 
Tolerated by Tobacco Plants 


Indicators For Determining 
Reactions Of Soils 


As used and described by Dr. E. T. Wherry in Jr. Wash. 
Acad. Sci., April 19, 1920, and Rhodora, March, 1920 


LaMotte Indicator Field Set 


A set of six indicator solutions covering a wide range of 
H-ion concentration, made up ready for use and packed in a 
pocket size case suitable for carrying into the field. 

No additional apparatus is necessary in making studies of 
the acidity and alkalinity of soils. 

Full printed instructions accompany each set and a chart 
is provided whereby direct readings of the degree of acidity or 
alkalinity may be made. 


Price $2.85 per set, delivered 
Order from 


LaMotte Chemical Products Co. 
13 West Saratoga Street Baltimore, Maryland 


. 
: 
gets: 
48 
4 
. 
i 
| . 


NITROGEN FIXATION BY COWPEAS AND NODULE BACTERIA 


ALBERT L. WHITING anp WARREN R. SCHOONOVER 
University of Illinois 


Received for publication October 23, 1920 


INTRODUCTION 


In studying the subject of nitrogen fixation by various legumes and nodule 
bacteria, it became evident that special studies of the initial appearance of 
the process measured chemically, and chemical studies of the mechanism of 
the reaction concerned, were desirable before progress could be made in other 
studies of an allied nature. The relation of the initial appearance of the fix- 
ation to the plant development was desired, as well as the amount fixed at 
early stages. The progress of the fixation was studied in order to determine 
whether or not it followed any special laws. 

The chemistry of the mechanism of nitrogen fixation by legumes and nodule 
bacteria is unknown. . An attempt was made to seek further data on that 
point. 


INITIAL APPEARANCE AND PROGRESS OF NITROGEN FIXATION BY COWPEA SEED- 
LINGS AND NODULE BACTERIA 


It was earlier observed (1) that a measurable amount of nitrogen was fixed 
by cowpeas in some cases as early as 14 days after planting. The present 
work was planned to study the fixation, if possible, at earlier periods. Con- 
sequently, experiments were initiated with cowpeas growing under especially 
controlled conditions. These experiments were in progress at various intervals 
during 4 years. 


Experimental methods 


The amount of nitrogen fixed by inoculated seedlings, to be significant, 
should be checked against the nitrogen content of seeds of similar weight, or 
against the nitrogen content of uninoculated seedlings subjected to the same 
growing conditions. Neither method can be relied upon entirely, although in 
most cases it would appear that the uninoculated plants would represent the 
most reliable check. This is not true when the uninoculated plants, because 
of a lack of nitrogen, decrease in their growth, and often at certain ages con- 
tain less nitrogen than the seeds of the same weight. 

The average nitrogen content, as determined by the individual analyses 
of a reliable number of seeds of the same weight as those planted, was always 
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obtained in connection with the experiment, and as seen later, was used 
occasionally for calculating the fixation. This established the natural vari- 
ation in nitrogen content for seeds of the weight planted. The average nitro- 
gen content of the uninoculated seedlings grown from the seeds under the same 
conditions of culture served as the check if it was greater than that of the 
seeds. The experimental error was reduced to such a small figure that a 
slight drop in the nitrogen content of the uninoculated seedlings was easily 
detectable. 
Preliminary experiments 


In order to obtain the lowest possible variation in nitrogen content seeds 
of uniform weight were selected. The natural variation of uniform-weight 
seeds, coupled with the slight variations accompanying the analytical methods, 
is sufficiently large to require careful study and greatly vitiate the results of 
the fixation at the early periods. The advantages for this investigation of 
uniform-weight seeds over random-weight seeds is clearly shown in table 1. 


TABLE 1 


Variation in nitrogen content of uniform- and random-weight cowpea seeds 


NUMBER OF SEEDS | WEIGHT VARIATION | AVERAGE WEIGHT | AT PER chen | NITROGEN VARIATION 
mgm. mgm. mgm. mgm. : 

20 185-244 201 .38 6.94 3.90 

18 180-228 206.00 7.11 4.86 

25 185-186 185.50 6.36 2.26 

40 198-202 200.00 2.19 


It is also important to have the seed well matured and dry as a greater 
variation was found with new seeds than with samples from the same lot a 
few months later; however, old seeds are not desirable as the germination is 
usually poorer. The suggestion is made in connection with the selection of 
the seeds that selections from a pure line of seeds of equal specific gravity and 
uniform weight would possibly reduce to a minimum the natural variations 
occurring in the nitrogen content. 

The importance of carefully purifying the sand is well demonstrated by the 
data given in table 2. This sand showed no nitrogen by a total nitrogen 
analysis. A test for nitrate showed a trace of nitrate present in the sand 
grains. The ability of rapidly growing nitrogen-starving plants, to obtain 
nitrogen where a chemical determination failed to show the amount, is brought 
out here. Similar results in pot-culture experiments have been found with 
calcium, magnesium and phosphorus. 

The sand used was a high-grade, clean, washed product. The average 
analysis of 107 seeds of 198 to 202 mgm. weight gave 7.04 mgm. of nitrogen 
per seed. Tests of the seedlings grown in this sand for nitrate revealed its 
presence in them. The sand and seedlings failed to give the nitrate test after 
13 days’ growth of the seedlings. 
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This experiment was conducted from September 19, to October 2, 1913, 
and only 3 hours and 15 minutes of sunshine occurred from the time the 
plants broke ground until they were washed out. Because of the retarded 


_ development of the plants the increase shown by these figures over the seed 


analysis represents nitrate assimilated from the sand. 


TABLE 2 
Nitrogen fixed by cowpea seedlings in unwashed sand 


NUMBER OF ANALYSES AVERAGE NITROGEN CONTENT AVERAGE NITRO- 
AGE OF SEEDLING GEN FIXED PER 
Inoculated Uninoculated Inoculated Uninoculated SEROUING 
days mgm. mgm. mgm, 
7 14 14 7.58 7.61 —0.03 
9 14 14 7.66 Ugo 0.13 
11 15 12 8.41 8.45 —0.04 
13 19 17 9.08 9.07 0.01 
Preparation of sand 


Various methods of purification of the sand were tried. Ignition removes 
the nitrogen but does not leave as satisfactory a product as is desirable. The 
same objection was found when the sand was subjected to a reduction method 
with aluminum powder, or by the addition of sugar for bacterial reduction of 
the nitrate. The method adopted consisted of washing the sand with hot 
nitrogen-free distilled water until no trace of nitrate or acid could be found. 
One gram of precipitated nitrogen-free calcium carbonate was added per 
kilogram of sand. One kilogram of the prepared sand was placed in 600-cc. 
beakers which were covered over the top with cotton and sterilized for 4 to 
6 hours at 15 pounds’ pressure. After sterilization the sand was made up to 
12 per cent moisture with nitrogen-free distilled water. Then 5 cc. of sterile 
plant-food solution prepared from nitrogen-free chemicals was added per 
kilogram. 


Seeds planted 


Cowpea seeds possessing unbroken seed-coats were selected from a large 
sample and weighed individually on the analytical balance. Only seeds 
falling within the narrow variations adopted were selected. The weights 
were most commonly 198 to 202 or 185 to 186 mgm. per seed. It will readily 
be understood that a bushel of seed would not contain a large number of seeds 
of these weights. A number of seeds were always analyzed from the same lot 
selected for planting in any given experiment. The seeds thus selected were 
sterilized with either alcohol or 5 per cent calcium hypochlorite solution for 
2 hours, or with mercuric chloride solution, 1 to 500, for 3 minutes. 

Inoculation was provided from fresh young nodules washed and crushed to 
avoid undue contamination. Sterile conditions were not maintained although 
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reasonable precautions were always taken to keep the treatments separated from 
each other, and from other sources of bacteria that would influence the results. 
The effectiveness of the method is shown by the fact that chance inoculation 
occurred in only three cases in all the experiments. One seed was planted in 
each kilogram of sand. 


Samples 


The seedlings were removed at various intervals. Extreme care was exer- 
cised to obtain representative samples of each lot. There is considerable 
danger of obtaining individuals that are more advanced in their growth than 
some of the others of the same age. With only one day between samplings 
this danger increased, especially if the weather conditions were not suitable 
to the plant being grown. The samples were washed out with nitrogen-free 
distilled water. The seed-coats, cotyledons, and seedlings were placed in a 
Kjeldahl flask and analyzed for total nitrogen by the Kjeldahl method, potas- 
sium bisulfate being used. Each plant was analyzed separately. 


Experiment 1 


The seedlings in this experiment grew very slowly and possessed an abnormal 
color. The roots did not develop normally. The experiment was started 
December 17, 1913 and terminated January 8, 1914. During this time there 
were only 9 hours and 35 minutes of sunshine. 


TABLE 3 
Nitrogen fixation by cowpeas—Experiment 1 
NUMBER OF ANALYSES AVERAGE NITROGEN CONTENT AVERAGE NITRO- 
AGE OF SEEDLING GEN FIXED PER 
Inoculated Uninoculated Inoculated Uninoculated 
days mem, mgm. mgm. 
7 18 18 7.43 7.34 0.09 
9 15 15 482 7.59 —0.27 
14 10 9 7.36 6.54 0.82 
21 10 10 6.86 7.04 —0.18 
21 7 8.25" 8.24* 


* Nitrate added. 


The seeds weighed 198 to 202 mgm. and the nitrogen content was 7.32 
mgm. per seed as determined by the average of 45 seeds. The results of this 
experiment are given in table 3. They include the age of seedlings, number 
of analyses of inoculated and uninoculated plants, then nitrogen content and 
the average amounts of nitrogen fixed per seedling. 

The fixation shown for 14 days is unreliable because of the low value of the 
uninoculated seedlings compared with the seed. The lack of sunlight pre- 
vented a leaf growth, although the plants were old enough to show a large 
fixation. 


4 
4 
- 
of 


NITROGEN FIXATION BY COWPEAS AND NODULE BACTERIA 415 


Experiment 2 


This experiment was started October 26, 1912. The seeds used weighed 
185.6 mgm. each. In table 4 are shown the age of the seedlings, number of 
analyses, average nitrogen content and nitrogen fixed at each harvest. Twenty- 
five seeds of the same lot and weight as those planted averaged 6.364 mgm. of 
nitrogen each. 

TABLE 4 


Nitrogen fixation by cowpeas—Ex periment 2 


AGE OF SEEDLING TREATMENT NUMBER OF | PER SEED 
days | mgm. mgm. 
11 Uninoculated S | 6.05 —0.31 
11 Inoculated 9 | 6.67 0.31 
14 Inoculated 9 6.90 0.54 
21 Inoculated 2 | 8.17 2.21 


The results showed a fixation of nitrogen when checked against the analyses 
of the seeds at 14 days, which after a careful study of the variations was found 
reliable. Twenty per cent of all the individual analyses in this class, at 14 
days’ harvest, were above the average for the seeds. 


Experiment 3 


The advantage of experimenting during the natural growing period of the 
plants is well illustrated by this experiment. Warm sunny weather prevailed 
throughout the pericd from June 18 to July 9, 1914. The seeds were of 198 
to 202 mgm. weight and an average nitrogen content of 7.18 mgm. was found 
for the 40 seeds analyzed. Germination was excellent; all plants were above 
ground in 4 days. Nodules were plainly visible after 7 days. In table 5 
are the results obtained in this experiment. 


TABLE 5 


Nitrogen fixation by cowpeas—Ex periment 3 


NUMBER OF ANALYSES AVERAGE NITROGEN CONTENT AVERAGE NITRO- 
AGE OF SEEDLING GEN FIXED PER 

Inoculated | Uninoculated Inoculated Uninoculated Sa 

days mgm. mgm. mgm. 

6 15 15 6.71 6.98 —0.27 

9 15 15 7.36 4.415 0.21 

12 15 15 7.08 6.89 0.18 

15 13 12 7.20 7.38 —0.18 

19 12 12 9.44 7.01 2.43 

21 10 13 12.51 6.69 | 5.82 
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The figures in the “inoculated” column and in the “fixation” column indicate 
very plainly at what age a decided increase in nitrogen occurred. The uninoc- 
ulated were used as the check to calculate the fixation. Fluctuations at the 
early periods, such as those found above, occur and are explained on the basis 
of unequal growth rates, some seedlings fixing quite large amounts of nitrogen, 
even at early periods, while the uninoculated often lose nitrogen to the sand. 
It is easy to obtain regular increases in fixation if the intervals are sufficiently 
wide after 14 days. That fixation occurs much sooner is repeatedly shown by 
an examination of the individual analyses. It was in part this striking fact 
that led to this investigation. This experiment demonstrated that an appre- 
ciable fixation occurred between 15 and 19 days after planting. 


Experiment 4 


This experiment was started to study the daily increase from an early period 
until large amounts were obtained. Several plantings were made at different 
periods to avoid poor weather conditions, but unfortunately, aside from the 
first planting, the weather encountered was the worst for summer growth that 
occurred. Plantings were made June 23, July 17, and July 27. The uninocu- 
lated seedlings averaged 7.11 mgm. of nitrogen, which figure was used to calcu- 
late the fixation for the June 23-July 20 planting. The harvest at 13 days 
must have included especially advanced individuals, although this very danger 
in sampling was understood and every precaution taken to avoid it. A very 
reliable fixation occurred at 13 days and at each period thereafter. The 
fixation suddenly increased between 18 and 19 days, and practically doubled 
each day following. A sudden increase also was noted as occurring on or 
before the 19 days in the previous experiment. The results of this experiment 
are arranged in table 6. 

The fixation found from the first planting was positive in every case. The 
fluctuations are no doubt, due to the fact that all the plants were so good, 
that some advanced ones were obtained on the thirteenth day. These figures 
represent a fixation beyond error. Attention is called to the fact that at 26 
days after planting the nitrogen contained in the plants is about four times 
that originally contained in the seed, or about three times as much nitrogen 
has been fixed as the seed contained. It is apparent that in all three experi- 
ments a very large increase in the rate of fixation occurred at 18 to 19 days. 

The results of experiments 6 and 7 are averaged in table 7. The average 
figures, 7.12 mgm. for the uninoculated plants, represents 174 determinations. 
The average for 235 seeds of the 198 to 202 mgm. weight is 7.107, or very 
nearly the same as for the uninoculated, proving the exactness of the experi- 
mental methods employed. 

The increase in fixation does not appear to follow a mathematical progres- 
sion, although it roughly approached a geometrical progression at certain 
times. 
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TABLE 6 
Progressive increase in nitrogen fixation by cowpeas 


AVERAGE NITROGEN 
NUMBER OF AVERAGE NITROGEN 
AGE OF SEEDLING TREATMENT ANALYSES CONTENT oe SEED- 


(June 23-July 20) 


Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Tnoculated 


(July 17-August 3) 


Inoculated 10 
Inoculated 10 
Inoculated 8 


(July 27-August 13) 


Inoculated 
Inoculated 
Inoculated 


* Uninoculated averaged 7.11 mgm. 
t Seeds averaged 6.85 mgm. 


TABLE 7 
Increase in nitrogen fixation by cowpeas, average of experiments 5 and 6 (June 11-August 13): 


AVERAGE NITROGEN CONTENT 
AGE OF SEEDLING | NUMBER OF ANALYSES FIXED PER SEEDLING 
Uninoculated Inoculated 


mem. 
—0.41 

0.24 
—0.04 


| 
days mgm. mgm, 
5 13 10 7.79* 0.68 

14 14 7.30 0.19 

15 14 7.49 0.38 
16 10 7.39 0.28 : 
17 10 7.79 0.68 
18 10 7.76 0.65 
q 19 10 8.62 1.51 : 
20 10 9.77 2.67 
, 21 10 11.59 4.48 
4 23 9 16.95 9.84 
26 8 28.03 20.92 
q 14 7.00t 0.15 

16 7.48 0.63 
15 10 6.75t —0.10 
16 10 7.29 0.44 
ie 17 10 7.56 0.71 

days mgm. mgm. 
6 15 12 6.71 

q 9 15 12 7.36 
12 15 7.08 3 
: 13 10 2 7.79 0.67 
: 14 24 12 7.17 0.05 
i 15 47 12 7.33 0.21 

. 16 33 12 7.38 0.26 

} 17 20 12 7.68 0.56 

. 18 10 12 7.76 0.64 

19 22 9.07 1.95 
z 20 10 12 9.77 2.65 | 
i 21 22 12 11.49 4.37 
23 9 12 16.85 9.73 
; 26 8 12 28 .03 20.91 
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DISCUSSION ON NITROGEN FIXATION BY COWPEA SEEDLINGS 


The early appearance of nitrogen fixation in cowpeas is influenced by the 
rate of development of the seedlings. From the observations made it appeared 
that temperature was an important factor in hastening the fixation. The 
fixation proceeded at an increasing rate, which appeared to be closely con- 
trolled by the available supply of carbohydrates. When the plants possessed 
only two leaves (cotyledon leaves) they were able to furnish only a very 
limited amount of energy-building material. The development of a third 
leaf is indicative of an increased supply of carbohydrate and was followed in 
these experiments by a rapid increase in the amount of nitrogen fixed. This 
is shown by table 7, in which it is seen that in three experiments there was a 
sudden increase in the nitrogen fixed at 19 days, while the records show that 
the third leaf appeared at 14 days and had become well developed on the 
16th day. It should be pointed out that the third leaf (first real leaf) is 
trifoliate, being composed of 3 leaflets, while the first two leaves are single. 
This third leaf makes a very material addition to the carbohydrate laboratory 
of the young plant. 

The utilization of the available energy of the sun’s rays is more advanta- 
geous during the long days than during the short ones. More products are 
synthesized during the long days and consequently more are translocated 
and rendered available to the bacteria in the nodules. This results in a greater 
amount of nitrogen being fixed by the bacteria and a larger nitrogen require- 
ment by the plant to balance its needs. 

A number of other experiments were conducted but are not reported because 
the bad weather conditions prevailing prevented the growth of the plants. 
In one experiment the cowpea seeds were split into two parts, one-half of the 
seed removed, and the other half planted. This was tried to test the effect 
of robbing the seedling of a large part of its nitrogen, on the time of appear- 
ance of nitrogen fixation. The plants grew normally and the analysis indi- 
cated an earlier fixation, but the extent of data was not sufficient to warrant 
a detailed report. 

In examining the individual analyses of the seeds, the inoculated, and the 
uninoculated seedlings, it was evident that for fixing nitrogen certain seedlings 
were superior to others of the same lot. Even at early periods occasional 
seedlings were found that fixed from 0.5 to 1 mgm. above the average for the 
particular harvest. 


PRELIMINARY CHEMICAL STUDIES OF THE MECHANISM OF NITROGEN FIXATION 


Plants were grown in pure nitrogen-free sand for the purpose of testing the 
plant juice, the nodules, leaves, stems, and roots for ammonia, nitrite and 
nitrate. Extreme care was exercised to have the conditions of growth free 
from outside sources of nitrogen. In preparing for these studies analysis of 
Jena beakers, earthen jars, porcelain pallets, sand, plant-food solutions, seeds, 
and the water, were made for nitrite and nitrates, and some for ammonia. 
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Plants were grown in preliminary experiments with and without nitrate in 
order to test the sensitiveness of the culture method and the reliability of the 
reagents to be employed. Interfering substances were guarded against. No 
flames were used in the room a day or so before testing. 

The opportunity to test many hundreds of cowpea plants was presented in 
connection with the experiments on nitrogen fixation. A drop of the plant 
juice from the stem and roots of these plants was tested in a porcelain pallet 
for nitrite and nitrate with diphenylamine and brucine, for nitrite with a- 
naphthylamine suphanilic acid, and for ammonia with Nesseler’s reagent. 
As soot particles were found heavily laden with nitric acid at most times in 
the vicinity of the chemical laboratories, soot and other impurities from the 
air were carefully prevented from gaining entrance during the testing.. 

Soybean and cowpea plants were grown especially to obtain large nodule, 
root, stem, and leaf samples at various ages. It became a regular laboratory 
procedure to test plants, and parts of plants, for those forms of nitrogen. 
Plants of many kinds grown in the greenhouse and in the field were likewise 
tested for comparison. In no case where inoculated legumes or parts of the 
same were grown under controlled conditions in nitrogen-free sand, and every 
other precaution exercised to eliminate these forms of nitrogen as impurities, 
was a positive test found for ammonia, nitrite or nitrate. In every case, 
where nitrate was introduced the characteristic reaction was given. It was 
found in all parts of the plants, at certain times, depending upon the amount 
added and the maturity of the plants. Plants growing in soil that were about 
mature failed to show nitrate. Whenever a reaction for ammonia or nitrate 
was obtained the source of the impurity was successfully determined. The 
fact that nitrate and nitrite were absent in the plants tested, permits the con- 
clusion that it is not a product of the reaction of nitrogen fixation. It may be 
that the sensitiveness of the reagents used was not sufficient to detect small 
enough quantities. The ease with which very small quantities of nitrate were 
detected when it had been added, would seem to eliminate this possibility. 
A large sample of nodules, taken from cowpeas at a time of rapid fixation, 
failed to show nitrate or ammonia. This strengthens the view that inorganic 
nitrogen of these forms is not concerned in the symbiotic fixation of atmospheric 
nitrogen by legumes and nodule bacteria. 

The results reported here are in agreement with our earlier results and only 
add more data of a negative character as to the nature of the reaction. It 
appears from the data obtained that the reaction is organic in nature rather 
than inorganic. 


SUMMARY 


1. The first appearance of nitrogen fixation as detected in inoculated cow- 
peas growing in purified nitrogen-free sand was 9 days after planting. At 
11 and 12 days, a positive fixation was found but it increased more at 13 and 
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2. The progress of nitrogen fixation is related to the development of the 
plant. The more rapidly the plant grows the greater is the rate of increase 
in nitrogen fixed. A rapid increase occurs soon after the time the third leaf 
(first real leaf), which is made up of three leaflets, is developed. This was 
found to be 19 days after planting in three different experiments conducted 
during the natural growing period of the plant. 

3. By 26 days after planting the nitrogen fixed was three times that con- 
tained in the seeds planted. 

4, The experiments represent 1056 nitrogen determinations, 510 of which 
were made on the inoculated seedlings, 294 on uninoculated seedlings, and 
252 on the seeds. 

5. Preliminary studies of the mechanism of nitrogen fixation did not indicate 
that oxidation or reduction was concerned in the process. 
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A STUDY OF THE BEHAVIOR OF CARBON DISULFIDE WHEN 
INJECTED INTO THE SOIL AND ITS VALUE AS A CONTROL 
FOR THE ROOT-FORM OF THE WOOLLY APPLE APHIS 


B. R. LEACH 
Bureau of Entomology, United States Department of Agriculture 


Received for publication October 28, 1920 
INTRODUCTION 


The American economic entomological literature is replete with fragmentary 
notes and recommendations regarding the use of carbon disulfide as a control 
measure for the woolly apple aphis. These notes are of a conflicting nature, 
and can hardly serve as the basis of either a positive or a negative recom- 
mendation regarding the use of this material. In view of this, it was deemed 
advisable to carry out a series of carefully planned experiments with carbon 
disulfide, under as great a range of conditions as possible, and thereby deter- 
mine the positive or negative value of this treatment. Although from the 
standpoint of woolly-aphis control the results were largely negative, they are 
believed to be of sufficient interest, considering the lack of adequate knowledge 
on the subject, to warrant their publication. The data presented on the 
behavior of carbon disulfide in the soil may also prove of value to those investi- 
gating the control of other soil-inhabiting insects or other phases of soil 
fumigation. 

The experimental work on the control of the woolly apple aphis, as reported 
in this paper, was carried out in Maryland, Virginia and West Virginia during 
the seasons of 1915 and 1916. Root infestation by the woolly apple aphis 
is severe throughout this region. In addition, there are several distinct soil 
types. These conditions render this section of the country ideal for experi- 
mental work in the control of the root form of the woolly apple aphis. 


PLAN OF THE WORK WITH THE INJECTION METHOD OF USING CARBON DISULFIDE! 


There were three points to be determined with regard to the injection method 
of using carbon disulfide as applied to the control of the woolly apple aphis: 

1. The best time during the year for employing the treatment. 

2. Factors influencing the diffusion of carbon disulfide in the soil. 

3. The question of injury to the tree resulting from the use of carbon 
disulfide. 


1 For a report of experiments with this material used in water, see Leach (3). 
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METHODS AND APPARATUS EMPLOYED 


Before entering into a discussion of the factors influencing the action of 
carbon disulfide gas in the soil, it will be necessary to describe the methods and 
apparatus employed in obtaining these data and also the conditions under 
which these methods were evolved. 

Except when employed for injury tests, it was found impracticable to use 
apple trees, for the following reasons: 

1. Nothing was definitely known regarding the possibilities of injury to 
apple trees when treated with carbon disulfide. In carrying out the work, 
therefore, using the trees in privately owned orchards would have involved 
too great a risk of irreparable damage. 

2. The infestation of the roots of the average apple tree by the woolly 
aphis is not uniform. It may be entirely localized about the base of the tree, 
or be all on one side of the tree, etc. 

3. To determine the degree and location of the infestation of the roots of 
the individual tree requires a careful examination of the root system by 
digging, with consequent disturbing of the natural soil conditions. A tree 
with its root system disturbed in this fashion cannot be used for experimental 
work if dependable data are to be secured. 

4. To employ a tree for a given experiment, knowing nothing definite 
regarding its degree of root infestation, results in a great deal of fruitless labor, 
since many trees will be uninfested or only partially infested; a condition 
which cannot be ascertained from an examination of the tree above ground. 


The tube method 


In view of the above facts it was essential that an artificial but nevertheless 
dependable method be evolved for studying the action of carbon disulfide 
upon the woolly aphis in the soil. An observation made early in the course 
of the work with the woolly aphis led to the perfecting of a reliable method. 

It was found that the root form of the woolly aphis could be maintained in 
a normal condition on pieces of roots detached from the tree and kept moist. 
If, during the hottest period of the summer, infested roots, not too badly 
decomposed, are selected and buried properly in the ground, the aphids on 
these roots will be found alive and breeding when examined 18 days later. 

Taking this observation as a basis, tubes were made to hold the fragments 
of infested roots described above in order that they might be easily introduced 
into the soil. 

These tubes (plate 1) were made of wire screening (12 meshes to the inch), 
measuring 1} inches in diameter and 7 inches in length; they were provided 
at one end with a removable stopper to permit the introduction of the infested 
roots, while the other end was plugged permanently with a cork stopper, held 
with tacks driven through the wire netting. 
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To carry out an experiment dealing with the diffusion of carbon disulfide 
in the soil by means of these tubes, it is necessary only to make holes of the 
proper depth in the soil under consideration with a 13-inch crowbar. The 
number and spacing of the holes will vary with the nature of the experiment. 
The tubes are filled with fragments of aphis-infested roots, then placed in the 
holes prepared for them with the bar, the top of the tube being 3 inches below 
the surface of the soil. The hole is then carefully filled with earth and — 
down to its original compactness. 

In practice it was found most convenient to fill thirty or forty of sian 
tubes and keep them in a moist condition until placed in the ground, by placing 
them in a pail and covering with a moist burlap bag. 
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X: Dosage hole 


Fic. 1. THE Four-Horte MeEtuop or INJECTING CARBON DISULFIDE 


Figure 1 shows the method of studying the diffusion of carbon disulfide 
gas in the soil by means of these tubes. Tube 4 would ordinarily represent 
the position of the base of a tree treated in practice. About it at distances 
of 18 inches are grouped the four dosage holes represented by X. The tubes 
no. 1 to 7 are so placed as to determine the diffusion in the area within the 
dosage holes and also the area outside and surrounding the dosage holes. The 
spacing of the tubes is shown in the figure. 

The analogy between the tube method of studying the diffusion of carbon 
disulfide gas in the soil, as described above, and the treating of a tree actually 
infested with woolly aphis, is apparent. The dosage holes are spaced the same 
in both cases, while the tubes containing the pieces of infested roots serve in 
lieu of the actual root infestation of the tree. Furthermore, any uncertainty 
regarding adequate infestation is done away with, since the tubes are placed 
exactly where infestation is desired. 

From time to time, diffusion tests were carried out on actually infested trees 
as a check upon the results obtained with the tube method. The tests con- 
firmed absolutely the results obtained by the latter method and placed it 
above suspicion as a simple, sure method of studying the action of carbon 
disulfide in the soil. 
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The tube method as outlined above was used throughout in the experi- 
ments described in the following pages, and carried out for the purpose of 
determining as completely as possible, the factors influencing the diffusion 
of carbon disulfide in the soil. For this reason, only the conditions surround- 
ing the individual experiment and the results and deductions obtained will 
be given. 


Temperature records 


One of the points to be determined during the course of the work was the 
relation of the soil temperature to the diffusion of carbon disulfide in the soil. 
Since it was impossible to obtain soil thermographs on account of disturbed 
conditions abroad, the apparatus here described was used and proved satis- 
factory. It consists of a wooden tube, 18 inches long, with one end open and 
the other covered with fine wire screening; the inside dimensions are } by 1 
inch, so that a maximum or minimum thermometer may be inserted and the 
end plugged lightly with cotton. Two of these tubes, one for the maximum 
and one for the minimum thermometer, were buried horizontally in a trench 
9 inches deep and 30 inches long, in the soil under observation. Every 24 
hours the soil about the ends of the tubes was dug away so as to allow for 
the removal of the thermometers from the tubes; the temperature records 
were taken, the thermometers adjusted and immediately replaced and the 
soil packed back as before. In adjusting the maximum thermometer, before 
placing it back in the soil tube, the bulb encased in a thin layer of cotton was 
dipped in carbon disulfide the rapid evaporation of which ran the mercury 
20 or 30 degrees below the then prevailing soil temperature. This was found 
necessary because during the greater part of the time the atmospheric tempera- 
ture was higher than the soil temperature. 

The method of recording the soil temperature outlined above proved satis- 
factory from the standpoint of use in the field, the results being consistent 
throughout; and while there may be some error, it is not considered great 
enough to influence the final result. Furthermore, the seasonal soil tempera- 
tures obtained by this means compare favorably with the records obtained 
by others employing other types of apparatus. 


Soil moisture factor 


Another point to be determined during the course of the work was the effect 
of soil moisture upon the diffusion of carbon disulfide. With this end in view, 
soil samples were taken daily during the course of the experiments. In taking 
a sample, the dry surface soil was removed, and soil to the depth of 12 to 15 
inches was obtained by means of a soil auger. These samples were preserved 
in air-tight jars and the moisture content later determined, the official method 
being used (1). 
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RESUME ON THE DIFFUSION OF CARBON DISULFIDE 
Gastine and Couanon (2) discuss the diffusion of carbon disulfide as follows: 


Introduced into the soil in the liquid form, carbon disulfide tends immediately to saturate 
with its vapors the layers of soil-air which are in contact with it. Around and at the bot- 
tom of the injection hole, this saturation is produced at the end of a few moments, but it is 
entirely local, it can diffuse but slowly in proportion as the distance from the point where 
the carbon disulfide has been deposited increases. It is by gaseous diffusion that gradually 
the layers of soil air richest in carbon-disulfide gas cede to the adjacent soil-air layers, the 
toxic vapors with which they are impregnated. This exchange permits of the first becoming 
again saturated, from contact with the liquid carbon disulfide, with new quantities of vapor 
and successively the tension of the toxic product is gradually diffused in the soil-air. 

While this phenomenon is being produced, there is a continual loss at the surface of the 
soil. The layers of soil-air adjacent to the soil surface and consequently to the atmos- 
phere itself, constantly cede to the latter the fumes of carbon disulfide which they contain; 
so that, after some time, when the liquid dose confined in the soil has ceased to volatilize 
and when the gradual saturated diffusion can no longer be maintained, the moment finally 
arrives when all trace of carbon disulfide vapors disappear from the soil. 

The facts are based on well-recognized physical phenomena: (a) The tension of vapors, 
(b) the diffusion of gases. 

A volatile body constantly tends to evaporate up to that point at which the vapors 
accumulate and become saturated at the prevailing temperature and pressure. In the soil 
this state of saturation is never attained because of the continual loss to the atmosphere, a 
loss which results from the property possessed by the gases of penetrating and mixing inti- 
mately in spite of the considerable differences in their densities. 


Observations on the vertical diffusion of carbon disulfide 


The observations reported up to this point have considered only the diffusion of carbon 
disulfide in the horizontal sense, at the same depth as the deposit of the toxic product, that 
is to say at a depth of 38 or 40 cm. 

In studying the presence of the vapors at higher or lower levels, the following facts are 
observed: the nearer one approaches the surface of the soil, the less carbon disulfide vapor 
is found, a fact explained by the continual loss which takes place from the upper layers of 
the soil in contact with the atmosphere. 

In examining the soil-air below the level of the injection hole, this rapid reduction in the 
quantities of vapors of carbon disulfide present, is not observed. Their presence in sufficiently 
abundant quantity is proved in the soil-air at a depth of 1 meter or more. The diminution 
of the loss in proportion to the distance below the surface of the soil, the tendency possessed 
by the vapors of carbon disulfide, of which the density is greater than that of air, to descend, 
during the first moments of their emission, are the reasons for this difference. 


Relative efficiency of carbon disulfide when used in the various seasons 


Three sets of tests to determine the relative diffusion of given doses of 
carbon disulfide when employed in spring, summer and fall were carried out, 
two soil types being employed. During these diffusional experiments, the 
only factor or condition which varied to any extent was the soil temperature; 
the tests being so arranged that the physical conditions and the moisture 
content were about the same for each soil-type throughout. 
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The soil types 


The soil type at Springfield, W. Va., employed in one-half of these experi- 
ments is known as the Berks shale loam, described by the United States Bureau 
of Soils as follows: 


The soil of this type is grayish-brown silt loam to a depth of 6 to 8 inches. The subsoil 
is a pale yellow silt loam which grades into a yellowish brown or mottled yellow and gray 
friable silty clay. Distributed over the surface and mixed wth soil and subsoil are large 
quantities of small, thin, platy shale fragments, which make up from 15 to 50 per cent of the 
surface soil. The partly disintegrated shale is reached at a depth of 10 to 24 inches. The 
soil material is derived by weathering from the shale. 


The soil type at Winchester, Va., employed in the second half of these experi- 
ments is known as the Hagerstown clay loam, described by the Bureau of Soils 
as follows: 


This type has a brown to reddish-brown loam or silty loam soil and a reddish-brown to 
red friable clay upper subsoil which is underlain below 18 inches by a stiff red clay. It occu- 
pies undulating to rolling valley land, and drainage is good. The type is derived by weather- 
ing from pure massive limestone. 


EXPERIMENTAL RESULTS 


In each set of these experiments, the plat of ground employed had not been 
plowed or cultivated for some time previous to the beginning of the experiments. 


TABLE 1 
The seasonal diffusion of carbon disulfide in two soil types 


SOIL- SOIL-TEMPERA- 
MOIS- TURE RANGE 
con- | Mini- | Maxi- 
TENT mum mum 


4-0z. | 4-0z. . | 1-0z. | 2-02. 


SEASON AND SOI TYEE DOSE | DOSE DOSE | DOSE 


inches | inches | i inches \inches percent| °F. °F. 


Clay 6| 9 18 17.14154 -60 58-62 
sat Shale 12| 18 19.1 |443-56| 48-60 
Clay 18.76/64 -73| 79-84 
Summer diffusion Shale | 15| 18 19.43\60 -69| 65-79 
Clay 6| 9 20.52/43 -48| 47-53 


Fall diffusion Shale 15| 18 19.25|40 -48) 44-50 


Table 1 shows the seasonal diffusion in a clay soil and a shale soil when 
various doses of carbon disulfide are employed. The soil-moisture content 
and the range of maximum and minimum soil temperature during the course 
of the experiments also are given. 
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With one or two minor exceptions, the diffusion secured from the employ- 
ment of a given dose of carbon disulfide in a specific soil type was the same 
throughout the three seasons of the year comprising the annual period of plant 
growth, irrespective of the variation in soil temperature. This was especially 
true with regard to the comparatively smaller doses, as, for instance, } or } 


liquid ounce per dosage hole. 


Factors influencing the diffusion of carbon disulfide in the soil 


Gastine and Couanon (2) discuss the influence of soil and its physical state 
as factors in the diffusion of carbon disulfide as follows: 


The consistency of the soil and its physical condition at the time of the treatment, have 
a very important influence on the diffusion of the yapors of carbon disulfide. 

In a general way, it may be said that in permeable soils, the diffusion is most rapid, but 
the permanence of the vapors is, at the same time, the feeblest. On the contrary, in com- 
pact soils, the diffusion is slow and the permanence of the vapors sometimes becomes too 
durable. 

The most favorable soils are those in which the permeability is maintained in the subsoil, 
but which are capable, under climatic influences, of assuming on the surface, a certain cohe- 
sion. The diffusion of the vapors of carbon disulfide can then be effected freely without a 
too active loss taking place from the surface of the soil. 

But whatever the nature of the soil, be it excessive permeability or too great compactive- 
ness, it will be possible to find in either case, at certain times during the year, conditions 
favoring the subterranean diffusion of the vapors, and their maintenance in the soil-air. 

In clay soils, care must be taken to avoid an excess of soil water which renders the soil 
compact and prevents the circulation of the vapors. Dryness of the soil must also be 
guarded against, since it gives rise to excessive permeability without any value in aiding 
the penetration of these same vapors. 

In calcareous and light soils, a suitable hygrometrical condition is necessary to retain the 
vapor. A rain seals the upper soil layers sufficiently to form an obstacle to their too rapid 
escape, and assures the success of the operation. 


The influence of soil type on diffusion 
In addition to the data regarding this point given in table 1, data were 
obtained also with Sassafras silt loam, and Norfolk fine sand, at Berlin, Md. 
The former is described as follows by the Bureau of Soils: 
The soil of this type to a depth of 8 to 10 inches consists of a light brown mellow silt 


loam containing a considerable percentage of very fine sand. The subsoil is a light brown or 
yellowish-brown compact silt loam. The type is derived from marine deposits weathered 


under good conditions of drainage. 
The Bureau of Soils gives the following description of the Norfolk fine 
sand: 


This type consists of a gray fine sandy loam, underlain by a yellow sticky fine sand or fine 
sandy loam. It occurs on level to undulating areas and drainage is usually good. 
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Table 2 shows the summer diffusion of the various doses of carbon disulfide 
in these four soil types, with the soil moisture content and the range of soil- 
temperature during the experiments. 

It will be observed from table 2 that with one exception a greater diffusion 
was obtained on Berks shale loam with each of the five doses than was obtained 
on the other three soil types. In the case of the 3-ounce dose of carbon 
disulfide, a diffusion of 36 inches was obtained on Berks shale loam, or twice 
the diffusion secured on the other soil types. The diffusion on the four soil 
types when a 2-ounce dose was used was fairly constant. 


TABLE 2 
The comparative diffusion in four soil types 


SOIL-TEMPERA- 


| TURE RANGE 
t-oz. | 4-07. | 3-oz. | 1-02. | 2-oz. | |_ 
DOSE | DosE | DosE | DosE | DosE | | | Maxi- 

mum mum 


inches | inches | inches | inches | inches | percent| °F. 


15} 18} 36] 27] 27 | 19.43] 60-69) 65-79 


Hagerstown clay loam................ 9| 9| 18] 27 | 10.43) 70-76| 80-83 
9 9} 18} 18] 27 | 20.13) 68-70) 70-72 
Norfolk fine 18} 18| 27] 36] 6.77| 69-72) 71-73 


Although the above data cover but four soil types, the facts obtained in 
the course of the work form the basis for certain conclusions regarding the 
influence of soil type on diffusion: 

1. It is impossible to state with certainty the degree of diffusion obtainable 
by the use of a given dose of carbon disulfide in a given soil type, except on 
the basis of direct experimentation. 

2. In all probability, the thousand and one distinct soil types of different 
origin, grading from clay to silt, to sand and gravel, etc., would be found to 
have distinct differences in their penetrability by carbon disulfide. 


The influence of soil moisture upon diffusion 


In order to obtain data on this point, experiments were conducted on Berks 
shale loam and Hagerstown clay loam; when at intervals during the season 
they were in a wet, a moist and a dry condition. Table 3 gives the range of 
soil temperature and the moisture, together with the comparative diffusion. 

It will be observed that the diffusion in general was much less in wet clay 
than in moist or dry clay, while the results were directly opposite in the shale 
loam. Apparently, therefore, excessive moisture in heavy soils causes a 
decreased diffusion resulting from the employment of a given dose of carbon 
disulfide, indicating that the best time for securing maximum diffusion occurs 
when the soil is in a fairly moist or dry condition. An abundance of moisture, 
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on the other hand, is desirable in securing maximum diffusion in the light soils. 
These data coincide with the observations of Gastine and Couanon recorded 
above. 

The degree of soil moisture at the time of treatment with carbon disulfide is 
undoubtedly the one limiting factor in securing the maximum diffusion of a given 
dosage of the material. It may be said of any soil type, that there is a definite 
range of soil moisture within which the diffusion will be greatest, and that a 
degree of soil moisture above or below this definite range, depending on the 
character of the soil type, will result in decreased diffusion with the same dos- 
age. In this respect, soil types in general may be divided into two broad 
classes; the light class and the heavy class. The Berks shale loam may be 
taken as an example of the former and the Hagerstown clay loam as an example 
of the latter. 
TABLE 3 
Factor of soil moisture 


SOIL- SOIL-TEMPERA- 


- TURE RANGE 
SOIL TYPE MoIsTURE | 4-02. | 4-02. | 3-02. | 1-02. | 2-oz. | OU 
CONDITION | DOSE | DOSE | DOSE | DOSE | DOSE CON- Mini | Maxi 


TENT mum mum 


inches | inches | inches | inches | inches | percent| °F. °F. 
Wet 6 9 12 18 18 | 20.52} 43-48) 47-53 
Hagerstown clay loam.....)| Moist 9 9} 18} 18] 27 | 10.43) 70-76) 80-83 
Dry 9 9 18 18 | 27} 2.75) 71-73} 78-81 


Moist 18} 36] 27] 27 | 12.10} 72-76) 76-80 


Berks shale loam.......... 
Dry 9 18] 18] 27] 7.55) 56-64) 60-69 


15| 18| 36] 27] 27 | 19.43] 60-69} 65-7 


Soil-surface moisture as an aid in securing maximum diffusion 


Gastine and Couanon discuss this point as follows: 


In calcareous and light soils, a suitable hygrometrical condition is necessary to retain the 
vapor. A rain seals the upper soil layers sufficiently to form an obstacle to their too rapid 
escape and assures the success of the treatment. 


The experiment given in detail below, offers some interesting data on this 
question. 

During the months of August and September, 1916, the rainfall at Spring- 
field, W. Va., was very slight and by October first the Berks shale loam was 
extremely dry and hard to a very considerable depth below the surface. On 
the night of October third, an extremely heavy shower of short duration 
occurred, resulting in a total rainfall of 1.53 inches. This huge bulk of water, 
falling quickly upon a hard, dry soil, ran off to a great extent wherever the 
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ground sloped and as a result only the first two or three inches of the upper 
soil was moistened to any extent, leaving the soil below as dry as before the 
rainfall. 

This set of soil conditions was admirable for determining the diffusion of 
carbon disulfide when the dry, hard subsoil is sealed by two or three inches 
of moist top-soil. 

On the next morning, immediately succeeding this heavy rainfall, a series 
of experiments with the tube method were instituted on a plot of Berks shale 
loam. The ground sloped slightly, and as stated above, the top-soil was 
moist and the lower soil dry. 

From a study of the data presented in table 4 it will be noted that the 
standard maximum diffusion for this soil type was secured only when the under- 
soil was moist, regardless of the condition of the surface soil. A soil in which 
the two or three inches of surface soil was moist, but the under-soil dry, resulted 
in minimum diffusion. The same result occurred when both the under-soil 
and the surface soil were dry. 


TABLE 4 


The influence of the several conditions of surface-soil upon the diffusion of carbon disulfide 
DeKalb shale loam 


SOIL-TEMPERA- 


| 4-08. | Boz. | 1-02. | 2-02. | MOIS: |_TORE RANGE 

mum 

inches | inches | inches | inches | inches | percent| °F. 
Surface moist, under-soil dry......... 9 9{ 18] 18] 27] 8.72) 50-64) 65-69 
Surface dry, under-soil dry........... 9 18] 18] 27] 7.55) 56-64! 60-69 
Surface moist, under-soil moist....... 15; 18| 36] 27] 27 | 19.43) 60-69} 65-79 
Surface dry, under-soil moist......... 9! 18} 36} 27] 27 | 12.10) 72-76) 76-80 


the treated soil area. 


Apparently, the condition of the surface soil exerts less influence upon the 
diffusion of carbon disulfide and acts less as a check upon the dispersion of 
the vapors into the atmosphere, than would be ordinarily supposed. This 
question will be taken up in greater detail under the discussion of the “Influence 
of surface-soil cultivation upon the diffusion of carbon disulfide in the soil.” 


Influence of the spacing and arrangement of the dosage holes upon the diffusion 
of carbon disulfide 


There are three factors in the problem of arranging the dosage holes to 
secure maximum efficiency when treating apple trees for the control of the 
root-form of the woolly apple aphis: 


1. The necessity for securing an evenness of aphid mortality throughout 
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2. The necessity of securing maximum diffusion per unit dose of carbon 
disulfide employed. 

3. The necessity of guarding against injury to the tree resulting from the 
improper placing of the dosage holes. 

Of these three factors, the last is the limiting one. Any arrangement of 
the dosage holes involving the injection of carbon disulfide in immediate 
proximity to the base of the tree, a procedure which invariably causes severe 
injury to the crown, cannot be employed, no matter how theoretically perfect 
it may be. 

The four-hole method (fig. 1) employed almost entirely in the control of 
the phylloxera in France, is in all probability the simplest and most efficient 
method that can be used against the woolly apple aphis. The use of this 
system caused a minimum of root injury. Its efficacy is due to the fact that 
each individual injection of carbon disulfide is so placed as to allow for maxi- 
mum diffusion and the combined result of the individual diffusions is the 
complete mortality of the aphids in the area of soil treated—all accomplished 
with the minimum quantity of liquid carbon disulfide. This may be accounted 
for by a discussion of the character of the diffusion from the individual injection 
hole. 

The diffusion of carbon disulfide in the soil from a single dosage hole, not 
surrounded by other dosage holes, extends equally in all directions from the 
point of injection of the liquid. In a soil infested with woolly aphis, the area 
within which the aphids are killed takes the form of a circle with the dosage 
hole as the center. 

Bearing this fact in mind, provided we know the area of diffusion which 
can be attained by a given dosage of carbon disulfide, it is a simple matter 
so to group the dosage holes about the base of a tree (fig. 1), as to allow suffi- 
cient space in order that each injection of carbon disulfide shall do the maxi- 
mum amount of work. 

The experimental work has definitely shown for instance, that a dose of 
$ ounce of liquid carbon disulfide in volatilizing will diffuse and produce aphid 
mortality for a distance of 18 inches surrounding the dosage hole in moist 
Berks shale loam. The circles of figure 2, drawn with the individual dosage 
holes as centers, show the extent of the diffusion. The areas of diffusion 
overlap sufficiently to insure complete aphid mortality at the extreme points 
where the individual diffusions meet. 

This spacing of the dosage holes will remain constant but the dose will 
vary with the nature of the individual soil type. In case of larger trees with 
a greater area of infested root surface than could be properly cared for with 
four dosage holes, additional injection holes, properly spaced, were made. 

It would appear from an examination of figure 2, that the areas a, 6, c and 
d, overlapped by the diffusions from the individual dosage holes, would be 


432 B. R. LEACH 


subjected to a too intense density of carbon disulfide fumes. It will be shown, 
under the discussion of the character of diffusion, that this is not the case 
(p. 441). 


+= Dosage hole 
O=Base of tree 


Fic. 2. AREA OF DIFFUSION FROM THE INDIVIDUAL DosaGE HoLes 


The depth of the dosage hole 


The area of diffusion obtained from the employment of a given dose of 
carbon disulfide depends upon the depth to which the material is injected in 
the soil. In order to determine the most efficient depth, a series of experi- 
ments were carried out in two soil types, Berks shale loam and Hagerstown 
clay loam. Using the tube method previously described, the diffusion of a 
#-ounce dose of carbon disulfide was determined when deposited in dosage 
holes at a depth of 2, 4, 6, 8, 10, 12, 14, and 16 inches. 

Figure 3 shows the comparative diffusion in moist Berks shale loam at the 
various depths of injection. It will be observed that the greatest diffusion 
occurred when the dose was placed at a depth of 6, 8, or 10 inches below the 
surface of the soil. At greater or lesser depth, the diffusion was much less. 
With a dosage hole 2 inches in depth, a diffusion of 18 inches was secured in 
this soil, because the liquid carbon disulfide sinks into the soil rapidly and the 
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soil used to plug the hole does not soak it up to any extent and thereby allow 


it to escape into the atmosphere. The 4-inch dosage hole gave two-thirds the 
diffusion of the 6, 8 and 10-inch dosage holes. When dosage holes of a greater 
depth than 10 inches were employed the diffusion became less with the increase 


in depth. 
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Fic. 3. EFFECTIVE DirFUSION oF CARBON DISULFIDE IN BERKS SHALE LoAM WHEN 
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The series of tests outlined above were duplicated on Hagerstown clay 
loam. Figure 4 shows the comparative diffusion in this soil type, at the various 
depths of injection. 

The greatest diffusion occurred when the dose was placed at a depth of 
6, 8, 10 or 12 inches below the surface of the soil. At greater or lesser depths 
the area of diffusion decreases. With a dosage hole 2 inches in depth, the 
diffusion obtained was negligible; because the liquid carbon disulfide does not 
immediately sink into the stiff clay soil, thereby suffering a loss due to evapo- 
ration. In addition, the soil used to plug the dosage hole soaks un a con- 
siderable portion of the dose, which is subsequently given off into the © *mo:- 
phere. The 4-inch dosage hole proved too shallow for the maxim: +), 
while the comparatively deep dosage holes of 14 and 16 inches fell short - 
producing the diffusion attained at slightly shallower depths. 

The fact that maximum diffusion, in both of the above soil types, is secured 
when the carbon disulfide is injected at a depth varying from 6 to 10 inches 
may be explained on the basis of the specific properties of the vapor of carbon 
disulfide. These vapors are more than twice as heavy as air, and as the 
injection of liquid carbon disulfide gradually volatilizes in the dosage hole, 
the fumes have a greater tendency to sink in the soil as they diffuse than to 
rise toward the surface. It is therefore necessary to inject the liquid at a 
medium depth in the soil, sufficiently deep to prevent loss through the soil 
cap of the dosage hole and yet sufficiently shallow to provide for an even 
diffusion in the upper layers of the soil. Eight inches is probably the most 
convenient depth from the standpoint of both maximum diffusion and the 
minimum of labor required in making the dosage holes. 


The speed of diffusion and aphid mortality 


Early in the experimental work with the injection method of using carbon 
disulfide it was found necessary to obtain data on the speed of the diffusion 
of the material in the soil, and the consequent aphid mortality resulting there- 
from. This information was required because otherwise the experiments 
might have been examined for aphid mortality before the action of the gas 
in the soil was complete. 

Experiments to determine this point were carried out in Berks shale loam 
during the hottest portion of the growing season and again in the early fall 
when the soil and atmosphere were cooler. The experiments were planned 
as follows. 

Twelve individual sets of tubes containing aphid-infested roots (fig. 1), 
were placed in the soil, the four-hole method being used and sufficient space 
allowed between each set of tubes so that there could be no possible inter- 
ference of diffusion. The experiment was carried out in August, and as it 
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happened, during the hottest period of the growing season. The plat of 
ground employed had not been tilled for some time, while a soil-moisture 
determination at the beginning of the experiments gave 16.10 per cent moisture, 
the soil being in a very moist, plowable condition. The dosage used through- 
out was 2 ounce per injection hole. The maximum soil temperature varied 
from 75 to 80°, and the minimum from 72 to 76°, during the course of the 
experiment. 

The cylinders containing the infested roots were all placed on August fourth 
and the carbon disulfide injected August fifth. Twenty-four hours after the 
injection of the carbon disulfide the first set of cylinders was examined for 
aphid mortality, at the end of 48 hours the second set was examined, and each 
24 hours thereafter a set of cylinders was examined until the end of the twelfth 
day, when the experiment was closed. 
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Fic. 5. SpEED oF ApHip-KiLLinc Dirruston—Motst Sort 


The data given in figure 5 represents the speed of &i/ling diffusion, that is, 
the time required for aphids at a given distance from the dosage hole to be 
killed through exposure to the gas. 

It will be observed that the inside diffusion? resulted in complete aphid 
mortality within 24 hours, while the maximum outside diffusion and conse- 
quently aphid mortality was not attained until 3 days after the injection of 
the carbon disulfide. 


Speed of diffusion in cool weather 


By October the ground had cooled off considerably and another series of 
experiments was carried out as above. Unfortunately for comparison with 
the above results the soil in this instance was dry, containing only about 
8.72 per cent of moisture. The maximum soil temperature varied from 63 
to 69° and the minimum from 56 to 64° during the course of the experiments. 
The dosage used throughout was } ounce. 


2 See page 423. 
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The results of the experiment are given in figure 6. It will be observed 
that the inside diffusion was complete in 24 hours, while the outside diffusion 
required 3 days. The irregularity in the diffusion results obtained on the 
seventh day can be explained only on the basis of increased soil moisture in 
the special plat of ground occupied by that particular set of tubes. 


OUTSIDE DIFFUSION 
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Fic. 6. SPEED oF DirrusiIon—Dry 


The effect of cultivation 


Gastine and Couanon (2) discuss this subject as follows: 


Whatever the nature of the soil, the treatment should not be effected after cultivation, an 
operation which renders the soil unfit to conserve the vapors of carbon disulfide. It is the 
one explicit rule, practically justified both by the practical results and the scientific study of 
the diffusion. In cultivated soil, it is a general rule that the vapors of carbon disulfide find 
it easier to escape directly into the atmosphere than to diffuse in the soil-air, where nothing 
tends to retain them. Forty-eight hours after the treatment, one invariably finds only 
slight traces of carbon disulfide, even in the immediate vicinity of the dosage holes. 


In spite of the above emphatic ruling, the writer was interested in obtaining 
further data on this point. Experiments were therefore carried out under 
various conditions of soil type and soil moisture, as well as other physical 
soil conditions. 

Two sets of studies were conducted on Sassafras silt loam at Berlin, Md. 
The soil was in a moist condition. In the first set the ground was thoroughly 
dug up to a depth of 8 inches, the lumps broken and the surface smoothed 
with a spade. The tubes containing aphis-infested roots were placed as usual 
in holes made with a bar and covered with 3 inches of earth, the latter not 
being stamped down. The carbon disulfide, used at the rate of ? ounce per 
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injection hole with the four-hole method, was injected to a depth of 8 inches 
and the dosage hole thoroughly plugged with soil. In the second set of experi- 
ments the surface of the soil was cultivated to a depth of 2 inches with a hoe, 
the tubes being placed and the carbon disulfide injected as above. Asa check 
on these two experiments, a third experiment, with the same dosage, was 
carried out in hard, untilled ground that had not been cultivated or disturbed 
for some time. 

These experiments were duplicated in Berks shale loam, the soil being dry 
and hard, and in Hagerstown clay loam under moist conditions. 
Table 5 gives the combined results of the above tests. 


TABLE 5 
Diffusion in untilled, tilled and cultivated ground 


DOSAGE | DIFFUSION 


SOIL CONDITION 


SOIL TYPE 


| *Not tilled; hard and moist 3 18 
Sassafras silt loam............... fTilled; moist 3 18 
tSurface cultivated; moist 3 18 


Not tilled; hard and dry 3 18 
DeKalb shale loam.............. Tilled; dry 3 18 
Surface cultivated; dry 3 18 


Not tilled; hard and moist 3 18 
Hageistown clay loam........... Tilled; moist 18 
z Surface cultivated; moist 3 18 


* Ground not plowed or cultivated recently. 
T Soil dug to a depth of 8 inches with spade. 
} Soil-surface cultivated 2 inches deep. 


It is evident from the three distinct sets of data presented in table 5, that 
an undisturbed condition of the soil is not absolutely essential in securing the 
maximum diffusion of a given dose of carbon disulfide. 

° Before drawing any further conclusions from the above data, it might be 
well to emphasize the fact that the conditions surrounding these experiments 
were slightly idealized. The tubes containing the aphid-infested roots were 
buried 3 inches deep in the loose cultivated soil, whereas in practice the stirring 
of the soil drags infested roots to the surface and loosens and partially exposes 
roots growing near the soil surface. Since the density of the diffusing gas is 
least in these upper two or three inches of soil, it follows that an open con- 
dition of this surface soil will result in the aphids contained therein escaping 
the prolonged action of the fumes, thereby forming a fertile source of rein- 
festation. The aphid-infested roots at lower depths and consequently sub- 
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jected for a greater length of time to the action of the fumes, will be cleared of 
the parasites, but only until the progeny of aphids on the surface roots again 
reinfest them. 

It may be said that aphids in the two or three inches of upper soil are the 
most difficult to kill, even under the most favorable conditions, with the fumes 
of carbon disulfide, while those at lower depths are more easily killed. Dis- 
turbing the surface-soil in any way tends to produce a set of conditions unfavor- 
able to the diffusion and retention of the vapors in these upper soil-layers, 
thereby allowing the escape of the aphids contained therein. 


The relation of dosage to diffusion 


The degree of diffusion obtained from the injection of carbon disulfide is 
not in direct proportion to the size of the dose employed. This is shown by 
the data presented in figure 7. 
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Fic. 7. THe RELATION OF DosAGE TO DIFFUSION 


It will be observed that the relatively small doses are more efficient than 
the larger doses. A #-ounce dose gave greater diffusion than 1 or 2 ounces; 
in fact a dose of $ ounce by volume is in most cases the most efficient dosage 
to employ. 


The influence of soil temperature 


The minute variations in:soil and atmospheric temperature exert an influ- 
ence upon the course of the diffusion of carbon disulfide in the soil. Marion (4) 
makes the following statement regarding this factor: 
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The curve representing the horizontal penetration of carbon disulfide figures as a sinuous 
line of which the apices correspond to the hours of the day, while the depressions concord 
with the hours of the night. It may be also stated that these oscillations reproduced exactly 
those of the thermometer curve, while the barometric pressure did not appear to exert any 
notable influence. 


It is apparent that the diffusion of a dose of carbon disulfide in the soil is 
subject to bursts of speed and abrupt checks in speed as the temperature 
varies. However, within broad limits, the temperature does not affect the ulti- 
mate area of diffusion attained by a given dose to carbon disulfide in a given 
soil type, when the other influencing factors remain constant. 

The data presented in table 1 show the diffusion of various doses of carbon 
disulfide, under practically constant conditions of soil moisture, etc., when 
applied at various periods during the growing season beginning at the time 
when the apple buds were swelling and continuing, at intervals, through the 
season until the growth ceased in the late fall. The effective diffusion of a 
given dose of carbon disulfide was the same in the heat of midsummer as in 
the lower temperatures of late fall. In Berks shale loam, for instance, ? ounce 
of carbon disulfide applied in August, during the hottest period of the growing 
season, gave a diffusion of 36 inches, and with that dosage the diffusion was 
the same in November. The range of soil temperature in August was: Mini- 
mum 60-69°; maximum 65-79°, and in November, minimum 40-48°; maximum 
44-50°. No data on diffusion were obtained on this soil type at lower tempera- 
tures than those recorded above, but the writer is inclined to the opinion that 
soil treatment with carbon disulfide had best be limited to the three seasons 
of the year comprising the annual period of plant growth. 


INJURY 


The question of injury to the plant, resulting from the use of any material 
as an insecticide, is of the utmost importance in considering its merits. For 
this reason a detailed series of experiments with carbon disulfide, extending 
throughout the season, were carried out for the specific purpose of obtaining 
accurate data regarding the action of this material upon the apple trees, when 
injected into the soil for the purpose of controlling the woolly aphis. 

It was, of course, impossible to carry out any extended series of dosage 
tests for injury in commerical orchards; the chances of damage were too great. 
Fortunately for the success of the work, the use of a block of trees was secured 
at the farm of the United States Insecticide Board, at Vienna, Va. The 
trees comprising this block were in their second year of growth at the time of 
the experiments; they were of the Stayman Winesap variety, and in a strong, 
vigorously growing condition. 
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The soil type was the Manor loam, described by the Bureau of Soils as 
follows: 


The soil is a yellow or yellowish-brown loam, about 8 inches deep. The subsoil is a yellow 
or reddish-yellow heavy loam, which grades into clay loam; this type is derived from 
micaceous schists, and small mica fragments occur in soil and subsoil. 


In addition, several sets of dosage tests for injury on trees of various ages 
were carried out during the season at Springfield, W. Va. The soil type was 
the Berks shaleloam. Asa result of the above experiment, data were obtained 
on the following points affecting the use of carbon disulfide, as a control for 
the woolly aphis: 

1. The comparative degree of injury caused by carbon disulfide when 
applied at the different periods of the growing season. 

. The comparative amount of injury caused by various-sized doses. 

. The action of carbon disulfide upon apple trees of various ages. 

. The outgrowth of injury resulting from the use of carbon disulfide. 

. The arrangement of the dosage holes as affecting the degree of injury. 
. The degree of injury arising in various soil types. 

. The soil moisture-content as a factor in injury. 


Plan of dosage tests 


Beginning in April and continuing once each month throughout the season 
until December, trees were treated with various dosages in order to ascertain 
the killing dose and also the comparative effect of the various doses. The 
trees used for these tests were strong and vigorous, in their second year of 
growth. The arrangement of the dosage holes, except where otherwise stated, 
is shown in figure 1. 

The four dosage holes were made 8 inches in depth and placed 18 inches 
from the crown of the tree. The doses employed per injection hole were 
1, 4, 3, 1 and 2 ounces, by liquid measure, and two trees were treated with 
each dose at each test. 

The dosage tests involved, in all, the treatment of more than 200 trees, 
and in view of the large number of tests it is impossible to give the date for 
each individual test. Instead, a general discussion of the character of the 
injury and the factors influencing the degree of injury is given, based upon 
these individual tests. 

Discussion of injury 


The zone of injury. The ultimate result of the action of the fumes of carbon 
disulfide upon the portion of the root in the vicinity of the dosage hole is to 
kill the cambium and thereby girdle the root, resulting in its death beyond 
the girdled pomt. Since the dosage hole must be placed within 18 inches of the 
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base of the tree, in order that the fumes shall penetrate and kill the aphids 
infesting the base, it follows that this girdling of the roots will take place 
mainly within a zone 6 to 15 inches from the base of the tree, depending upon 
the strength of the dose employed and the consequent range of injury resulting. 

The unevenness of diffusion and consequent injury. Observations made 
during the course of the dosage tests recorded above indicate that the diffusion 
of carbon disulfide in the soil is uneven; in other words, the density of the 
gas in the soil gradually becomes less and less as it diffuses outward from the 
dosage hole. That is, during the course of the diffusion, the soil and roots 
therein at a point 9 inches from the dosage hole will be subjected to a greater 
density of gas for a greater length of time than will the roots at a point 18 
inches from the dosage hole, etc. Direct experimentation has shown that a 
given dose of carbon disulfide will kill the main roots of young trees, for one- 
half the distance attained by the carbon disulfide gas in its path of aphid- 
killing diffusion. For instance a dose of ? ounce will result in the mortality 
of the aphids within a radius of about 16 to 18 inches of the dosage hole in a 
stiff clay soil, while any main roots within this radius will be killed for a dis- 
tance of from 6 to 8 inches from the dosage hole, or on an average of one-half 
the radius of aphid mortality. This condition prevails whether the dose em- 
ployed is } ounce or 2 ounces per dosage hole. The rootlets, on the other 
hand, are killed for the same distance as are the aphids, and in the majority 
of cases, beyond. In other words, it requires less density of gas to kill a rootlet 
than an aphid. The above condition of affairs applies irrespective of the dosage 
employed, the injury sustained varying directly with the strength of the 
dose. 

Injury to individual roots by the fumes of carbon disulfide, showing the 
gradation of injury at varying distances from the dosage hole, were observed 
at various times. The most typical of these is shown in plate 2, B. It will 
be observed that up to point b, the main root was killed outright. From } 
to a, the cambium was killed in patches, usually about the base of a rootlet. 
From a to the base of the tree only the rootlets and tips of the rootlets were 
killed. This typifies the gradual decrease in the density of the carbon disulfide 
fumes as the distance from the dosage hole increases and the consequent 
decrease in injury. 

At this point it might be well to state that in a given soil type, under a given 
set of soil conditions, a certain specific dose of carbon disulfide is necessary 
in order to obtain aphid mortality in a given area surrounding a dosage hole. 
A smaller dose will not do the work, and while the employment of an insuffi- 
cient dose will cut down the amount of injury, it will not produce the effect 
desired, namely, complete control. 

A typical case of root injury or girdling is shown in plate 2, A. This root 
emanating directly from the base of the tree and 8 inches below the surface 
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of the soil, passes 4 inches to one side of a dosage hole. The root was about 
2 inch in diameter at the base and 28 .inches long. It will be observed that 
the killing of the cambium extended from point a, the point of the root 4 inches 
to one side of the dosage hole, to point 6. The distance from a to 6 was 9 
inches. A dose of 1 ounce was applied on July 11, the tree from which the 
root was taken being 2 years old and growing in clay soil. The particular 
root shown in plate 2, A was typical of the injury resulting from the use of 
the above dose under the conditions prevailing at the time of treatment. 
The roots were killed for a distance of about 9 inches from the dosage hole 
while the rootlets were killed for a considerably greater distance from the hole. 

Outgrowth of injury. The tree from which the root described above was 
taken, was injured as a result of the injection of the carbon disulfide and the 
top did not begin to grow again until about 5 weeks after the treatment. The 
roots, in the meantime, were repairing the damage caused by the action of 
the carbon disulfide and when examined on October 23, the root presented 
the appearance as shown in plate 2, A.. At points c and d, the root stump had 
produced bunches of new, vigorous roots, designed to take the place of the 
dead portion—b-a. This is a typical instance of root growth following carbon 
disulfide injection. It is evident that this bunched root system so near to the 
base of the tree will hardly be of as great value to the tree as would the single 
root b-a, since the latter will in its growth, rapidly spread to the less crowded 
portions of the soil, where the struggle for food and moisture is less acute. 
The normal amount of growth that the single root would have enjoyed mtst 
be divided up among the nine roots emanating from the stump. Restricted 
in their growth, as a result of this condition, their efforts as food and water 
procurers will be confined to a limited soil zone, thereby resulting in a decreased 
tree growth. 

Injury to the top. This phase of the subject will be treated under two head- 
ings, as follows: 

1. Injury to the trunk and main branches. 

2. Injury to the growing tips and foliage. 

Injury to the trunk, branches, growing tips and foliage of the apple tree 
resulting from the injection of carbon disulfide might be termed secondary 
injury. It is indirectly due to the injury sustained by the roots. The latter, 
as a result of this injury, cease or partially cease to function for a time, thereby 
failing to supply the top with water and plant-food, and consequently checking 
the growth or killing portions of the top. While important, it may neverthe- 
less be said that injury to the top is but an indication of injury to the roots, 
and it is there that the fundamental injury occurs. 

Injury to the trunks and main branches was observed only when very exces- 
sive doses were employed in shale loam soils. 
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As to injury to foliage and growing tips, the first indication of injury result- 
ing from the injection of carbon disulfide is the withering of the foliage. In 
the case of a large dosage, the entire foliage will wither and die within a few 
days after treatment. Then the tips of the branches begin to die back often 
for a distance of ten or twelve inches. This occurs invariably when a dosage 
of 2 ounces per injection hole is employed. A dose of 1 ounce per injection 
hole will, as a rule, strip the foliage to some extent on the tips of the branches 
and kill the tips back for a few inches. The terminal buds on the remaining 
tips will not be killed but will be checked in their growth. A dose of } ounce 
will kill one or two tips and strip the foliage very slightly. The remaining 
tips will be checked in their growth. A dose of } ounce per injection hole will 
seldom cause any defoliation or killing of the tips but wil] check the growth 
at the tips. 

The degree of injury to the aerial portion of the tree, therefore, depends 
upon the degree of root injury. So much of the root surface is killed when 
large doses are employed that the tree is not only unable to maintain the 
aerial growth already made, but must suffer the death of the newest and tender- 
est growth. In the case of medium doses, the tree suffers some defoliation 
and a decided check in growth, while in the case of small doses, the tree stands 
still and the new wood has a tendency to ripen. The effect of small doses is 
very similar to that of a long drouth. 

Explanation of top injury. The specific cause of this phase of carbon disul- 
fide injury is not known, but all evidence points to an interference with the 
normal transpiration. So much of the root system of the tree is killed that 
the necessary amounts of water and plant-food cannot be supplied, resulting 
in the killing or checking of the foliage, terminal buds and immature wood. 

The relation of root-injury and interference with normal transpiration is 
shown in figure 8. The dosage holes A, B, C and D, were made 8 inches 
deep and placed 18 inches from the base of the 2-year-old tree (O). The 
dosage employed was 2? ounce per dosage hole, injected on August 18. 

As a result of the above treatment, the foliage was quite badly stripped 
and several of the growing tips were killed back. An examination showed 
the roots killed for a distance of 8 inches surrounding each dosage hole. This 
is shown diagrammatically in figure 8, the circles whose centers are the dosage 
holes, A, B, C and D, being 8 inches in radius. It will be readily seen that 
one-half of the roots emanating from the base of the tree, assuming that they 
radiate evenly, pass through the circles whose centers are A, B, C and D, 
in other words, through the areas in which the roots are girdled and killed. 
In addition, the rootlets are killed considerably beyond the area shown in 
the circles. This means that almost half the entire root system of the trees 
was rendered functionless as a result of the treatment, thereby cutting down 
the water supply to the leaves one-half, with the resulting injury to foliage 
and growing tips. 
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Miscellaneous factors 


Age of the tree. The age of the tree does not have such a marked influence 
upon the degree of injury as would be supposed. Two parallel sets of experi- 
ments illustrating this fact were carried out at Vienna, Va., 2-year-old trees 
being used in one set of experiments and 5-year-old trees in the other. The 
degree of injury for each respective dose was about the same for the trees 


Scale: 
O =Base of tree 
ABCD .=Dosage holes 


Fic. 8. ComMPARATIVE AREA OF Root INJuRY 


of both ages. A consideration of figure 8, will explain this fact. It can readily 
be seen that a given dose of carbon disulfide will produce as much injury to 
the roots in the vicinity of a dosage hole when used on a 5-year-old tree as 
when used on a 2-year-old tree. An equal number of roots radiating from the 
base of the tree will be killed in one as in the other. Furthermore, the older 
tree will be much slower in outgrowing the injury because the roots of the 
former, girdled near the base of the tree as a result of the carbon disulfide 
gas, are much longer than are the roots of the younger tree, and consequently 
less easily replaced. In the case of the older tree the normal proportion of top 
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growth to root growth is shattered completely, while with a young tree this 
condition is more or less temporary. 

Soil type. The soil type is a factor influencing the degree of injury only 
inasmuch as it affects the diffusion of the carbon disulfide gas in the soil. 
In a shale soil, for example, a dose of ? ounce will have a diffusion of 36 inches 
and the rootlets will be killed for this distance or a slightly greater distance. 
In a stiff clay soil, on the other hand, a dose of # ounce will give but 15 to 18 
inches diffusion, and the rootlets will be killed for a slightly greater distance. 
The area of rootlets killed may therefore be said to depend on the area of 
diffusion of the gas, which in turn varies with the soil type. 

Soil moisture. In some cases, a lack of sufficient moisture in the soil will 
result in decreased diffusion and consequently decreased killing of the rootlets. 
In a very dry shale soil, for example, with 7.75 per cent moisture, a dose of ? 
ounce will give a diffusion of 18 inches and the rootlets will be killed for the 
same distance. Twice the area of diffusion and root killing takes place in 
moist shale soil. 

Seasonal injury. The dosage tests outlined above indicate that the time 
of year in which trees are treated with carbon disulfide is not the controlling 
factor responsible for the injury resulting from the treatment, and that the 
roots of the apple are apparently at no time entirely resistant to the fumes of 
the carbon disulfide. It is evident that the degree of injury will depend upon 
the efficiency of the diffusion, and, regardless of the-time of year, if the soil 
is in proper shape to allow for diffusion, injury will result to the root system 
located in the path of the diffusion. 

However, the indirect effect of this root injury upon the portion of the tree 
above ground varies considerably with the season and consequent stage of 
seasonal tree growth. In this respect the most susceptible period at which 
trees can be treated is the time in the spring between the swelling of the buds 
and the appearance of the first leaves. A dose that will completely shatter 
the top of the tree at this stage will simply burn the tips when applied later 
in the summer or fall. However, the fundamental root injury is the same in 
both cases, and for this reason it is never a safe procedure to estimate injury 
by an examination of the top. 

The comparative resistance of weak and strong trees. During the course of 
the work, many parallel tests were carried out with strong trees and weak 
trees. Injury resulting from the use of a given dose was about the same in 
both cases, but the strong trees outgrew the injury more rapidly. 


The comparative resistance of the vine and apple tree to the fumes of carbon disulfide 


An examination of the French literature dealing with the control of the 
grape phylloxera, by the use of carbon disulfide discloses some interesting 
data regarding the resistance of the vine to this material when injected in the 
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soil. It is of especial interest when compared with the data, obtained during 
the course of this work, on the resistance of the apple to this same treatment. 

Marion (5) discusses the action of the fumes of carbon disulfide on the 
grape as follows: 


The nature of the histologic lesions produced by the vapors of carbon disulfide on the 
root formation, as shown by the microscope explains the exterior phenomena which are 
manifested. 

The functions of the roots are suspended, the upward progress of the sap is arrested; 
and, as the transpiration continues from the green portion, the latter is enfeebled as a result. 
Because of this lack of water, the phenomenon of reduction of which the sap must furnish 
the elements, is interrupted and the functions of the chlorophyll are arrested and the foliage 
assumes a yellowish or reddish tint. If this state is prolonged the exhaustion of the plant 
will prove fatal; but the vapors of carbon disulfide disappear from the soil, the roots begin to 
absorb again, the sap reaches anew the green portion of the vine and the normal condition is 
reéstablished. 


It is readily understood then, how watering can hasten this reestablishment, 
why the affected vines can manifest later a revival in their vegetation, and 
why the strong vines, of which the tissues are still filled with sap, can support, 
without grave inconvenience, this momentary suspension in the absorption 
of water, while those which the phylloxera have already injured, of which the 
tissues are already almost desiccated, succumb so easily to the presence of 
the vapors of carbon disulfide around the debris of their roots. 

It would seem from the above statement, that when a strong, vigorous 
vine is treated during the growing season, with a quantity of carbon disulfide 
sufficient to rid it of the phylloxera, the vine will suffer a temporary distress 
due to interference with transpiration but will not experience a degree of 
rootlet injury sufficient to impair seriously or kill the vine. The dosage tests 
detailed above indicate the entirely different effect of carbon disulfide upon 
the apple. Here, a dose, no matter how small, produces a certain degree of 
injury to the roots and rootlets in the path of its diffusion, and the amount 
of injury caused by the employment of a dosage sufficient to rid the apple of 
the woolly aphis, prohibits the use of the treatment. 


THE EFFICIENCY OF THE TREATMENT 


The use of carbon disulfide as a control measure does not result in 100 per 
cent efficiency. Aphids infesting roots, growing near the surface of the soil, 
or in decomposed trash at the surface of the soil, are prone to escape the 
action of the fumes. The few thus escaping serve as a source of reinfestation. 
However, were it not for the injury arising from the use of the material, young 
apple trees infested with woolly aphis could be maintained in a vigorous 
condition, with one annual treatment at the most, for the number of aphids 
would be so reduced as to render the injury caused by them negligible. 
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The efficiency of carbon disulfide as a control for the grape phylloxera is 
due to the fact that by means of its periodic use, the vines can be maintained 
in a vigorous condition, capable of producing a normal crop of grapes. This 
is rendered possible because the numbers of phylloxera are kept down to such 
a point that the injury produced by them is insignificant. 


SUMMARY 


The conditions which influence the diffusion of carbon disulfide in the soil 
are: first, the soil type; second, the soil moisture; and third, the depth and 
arrangement of the dosage holes. Of these three factors, the moisture con- 
tent of the soil is the limiting one. Variations in atmospheric or soil tempera- 
ture throughout the growing season apparently do not affect the attainment 
of maximum diffusion and for this reason it can be secured at any time during 
the growing season when soil-moisture conditions are favorable. 

It was found impossible to apply carbon disulfide at any time during the 
year when soil conditions were favorable without causing injury to the apple 
tree. Direct injury resulted to the roots and indirect injury to the branches 
and foliage, apparently due to the interference with normal transpiration. 
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PLATE 1 q 


Tube of wire screening, used in determining the behavior of carbon-disulfide gas in the 
soil, 
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PLATE 2 


Root injury resulting from the injection of carbon-disulfide into the soil. 
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AREA AND GENERAL DISTRIBUTION 


The peat deposits in the United States of both fresh-water and salt-water 
origin have been variously estimated in regard to area, location, and character. 

The report of the Commissioner of the General Land Office for 1907 gives 
65,582,503 acres as the area of swamp land, claims for which had been approved 
and certified under various acts. 

From Wright’s results of a canvass made in the same year by the Office . 
of Experiment Stations (21) it appears that alone in the eastern portion of the 
United States there are 77,000,000 acres of swamp and overflowed land. 

In Senate Document No. 443 of the sixtieth Congress, first session, 1908, 
the estimate by Elliott is placed at 79,005,023 acres in the several states, 
exclusive of the coast lands which are overflowed by tidewater. They are 
listed as permanent swamp, wet grazing land, periodically overflowed land 
and periodically swampy land; this classification represents approximately 
the relative agricultural value of the land as affected by surface water con- 
ditions (20). 

Davis (8) finds that the total area of peat land is nearly 140,000 square 
miles. Of this 8 per cent, or about 11,200 square miles, is assumed to be peat 
deposits of good quality, averaging at least 9 feet in thickness. 

McCrory (12), summarizing the drainage movement in the United States, 
gives as the most reliable information obtainable concerning the undeveloped 
area of swamp and wet lands a total of 102,000,000 acres, of which 66,900,000 
acres are swamp, 31,500,000 acres are periodically overflowed and 4,400,000 
acres are tidal marsh. 

According to Baker and Strong (1) only about 60,000,000 acres are swamp 
and other wet lands, and practically none of this land, which would make 
1,000,000 farms of 60 acres each, is reported to be available for settlement 
at present. 

More recently a report has been issued upon the unused lands in this country, 
as House Document No. 262, Sixty-sixth Congress (10). The document gives 
the possible projects which are available in the various states for development. 
The data include acreage of swamp land, cut-over land, wet grazing land, 
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overflow land, and periodical swamp land. In distribution, acreage and classi- 
fication House Document No. 262 of 1919 does not differ ar from the 
report of 1908 by Elliott cited above. 

From this brief summary it is obvious that the estimates of the actual 
areas of swamp and overflow lands are quite unlike; they differ still more 
widely when an attempt is made to distinguish the acreage which more properly 
constitutes workable peat deposits, and the percentage that is utilized at 
present for agricultural and other purposes in the different parts of the country. 

As to distribution, the several authors agree more or less that the areas 
of peat accumulation may be assigned to two or three partly geographic 
regions which express the chief differences in climate, in surface vegetation, 
and in topography, especially those which are the results of glacial action. 
The deposits located in the northern region (I) may, therefore, be divided 
into those of the northeastern states (a), and the Lake states (b), while those 
in the southern or Atlantic coastal region (II) would include the Mississippi 
River bottoms and other river bottoms and terraces of the Coastal Plain of 
the South (c) and of the Gulf States with their adjoining territory (d). The 
known workable deposits in the Pacific coast region (III) occur in the tule 
lands of California and in the basins and rivers of Washington and Oregon. 

The classification and acreage in table 1 is that of Elliott (20) and is repro- 
duced here in a form to indicate the three general regional divisions. 


GENERAL CHARACTERISTICS OF PEAT DEPOSITS 


For diagnostic and systematic purposes as well as for other lines of work 
in agriculture and in the industries a full knowledge of the acreage, location 
and of the development and structure of workable peat deposits will naturally 
be of the greatest importance. As the life history of every deposit can now 
be studied without difficulty, provided the different layers of peat material 
are known, undoubtedly all our peat-land studies will gain in much needed 
conformity and accuracy. 

Progress in peat investigations has been severely checked by the widespread 
use of such terms as muck, overflowed land, swampy land, wet land and others. 
The same error that has caused serious difficulties in the establishment of 
types of peat material has resulted in the lack of an adequate classification 
of peat deposits conforming with scientific viewpoints. Undoubtedly the 
adherence to composite terms unqualified in their meaning, is in part the 
reason why the structural features of peat deposits have been completely 
overlooked in this country and why thorough research in this direction has 
been delayed. A somewhat more critical attitude would long ago have 
revealed the fact that peat deposits are essentially a product of the movement 
of plant populations; that they have a characteristic development and struc- 
ture which is related to particular habitat conditions. This concept has been 
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TABLE 1 
Classification of unreclaimed swamp and overflowed land* 


STATES 


PERMANENT 
SWAMP 


WET GRAZING 
LAND 


PERIODICALLY 
OVERFLOWED 


PERIODICALLY 
SWAMPY 


Arkansas 
California 


Connecticut.......... 


Tilinois 


Maryland’... 


Massachusetts........ 


Michigan 
Minnesota 


Mississippi............ 


Missouri 


New Hampshire 
New Jersey 
New York 
North Carolina 
North Dakota 


Pennsylvania......... 


Rhode Island 


Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 


100,000 
156,520 
20,000 
2,000,000 
3,048,000 
3,000,000 
1,000,000 


5,000 
326,400 
100,000 

1,000,000 
50,000 


254,000 


1,500,000 
100,000 
639 , 600 

1,240,000 

15,000 
600, 000 
20,500 


2,000,000 


acres 
59,200 
50,000 
1,000,000 
10,000 
50,000 


500,000 
100,000 
200,000 

59,380 
100,000 


947 ,439 


2,000,000 


100,000 


100,000 
500, 000 
50,000 


acres 
520,000 
531,000 
1,420,000 
20,000 
27,000 
1,000,000 
1,000,000 
400,000 
500, 000 
350,000 
300, 000 
300, 000 
1,196,605 
92,000 


39, 500 


2,760,200 
1,439,600 
412,100 
7,700 


329, 100 
500,000 
50,000 
100,000 
31,500 


50,000 
6,000 
622,120 
511,480 


8,000 
200,000 


23,900 


131,300 


200 
800,000 
700,000 


10,000 
80,500 


44,600 


784, 308 


748, 160 
50,000 
55,047 


360,000 


acres 
1,479,200 
5,912,300 
3,420,000 
30,000 
127,200 
19,800,000 


2,947,439 
5,832,208 
5,760,200 
2,439, 600 
512,100 
12,700 
326,400 
529, 100 
2,748, 160 
200,000 
155,047 
31,500 
254,000 
50,000 
8,064 
3,122,120 
611,480 
639 ,600 
2,240,000 
23,000 
800,000 
20,500 
23,900 
2,360,000 


52,665,020 


6,826,019 


14,747,805 


4,766,179 


79,005 ,023 


* After Elliott, from Senate Document 443, 60th Congress, 1 Session 1908 the Abbrevi- 
ations prefixed to the States are added by the writer to show the general regional divisions 
referred to in the text on p. 454. 
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main points in connection with their bearing upon the stratigraphic relations 
of peat deposits in the United States and in Europe. 

An account of the general features of peat deposits and a definition of the 
term will naturally differ according to the point of view. On the economic 
side, the features of fundamental importance are those which qualify a deposit 
as a resource of raw materials of value for fuel, for distillation purposes, for 
manufacturing various finished products, as medium for beneficial bacterial 
activity, or for use in other specific ways. To the geologist, the most striking 
feature lies in the fact that a peat deposit may be regarded as a portion of the 
earth’s surface-layers which represent an initial stage in the formation of coal 
beds and petroleum. 

On the agricultural side, a peatland area leads to the consideration of its 
characteristics as an organic soil which furnishes support and nourishment 
to cultivated plants, but is generally unbalanced in the supply of inorganic 
plant-food constituents. The features of chief importance to agricultural 
aspects are special methods of drainage, fertilizing, cultivation and suitable 
cropping systems with which to maintain the fertility of organic soils and to 
make them increasingly serviceable to the community as a source of food for 
man and cattle. But all of these viewpoints may be summed up in the 
biological concept which regards peat deposits as formed by the successive 
growth of vegetation units, which now constitute accumulations of more or 
Jess disintegrated plant remains. The different layers of peat material were 
laid down in a definite manner according to imposed field conditions. The 
efficient use of peat deposits, whether as an available resource for food, power 
or finished products depends in large part upon the kind of organic material, 
the structure of the deposit, and the controlling factors in field conditions. 
The feature of noteworthy significance is that a peat deposit and its field 
conditions are to be regarded as correlated with each other in development 
and structure, in time and space relations. 

In general, it would be advantageous to adopt the word moor as a synomym 
for peat deposit. Both terms should be limited to an accumulation of plant 
remains of at least 8 to 10 inches in thickness when compact and well shrunk. 
In this accumulation, the surface layer of living native vegetation and deposits 
containing more than 40 per cent of mineral matter should not be included. 
This restriction of the term would prove useful for purposes of mapping, and 
it would make for precision in surveys, in methods of practice, in instrumental 
investigation, in correlation studies, and in that large and increasing line of 
inquiry that depends on experimental work at field stations located in repre- 
sentative peatland areas. 


CLASSIFICATION OF PEAT DEPOSITS 


In evaluating peatland areas it is important to adopt a standard for classi- 
fying the deposits. The need of some method of classifying areas of peatland 
is as obvious as in the case of peat material resources. 
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Although classifications made by various investigators may differ widely 
because of the divergence in concept of the cause and factors controlling peat 
deposits and their uses, those differences become less pronounced as the devel- 
opment and structure of peat deposits becomes better known and as peatland 
problems are founded on scientific research in the field and in the technical 
laboratories, on which all applied work must ultimately be based. 

While peat deposits may be grouped according to the practical ‘“usage’’ 
point of view from which the subject is approached, that is, from the con- 
sideration of agriculture or the manufacturing industries, it becomes evident 
that a classification made for convenience or for reference to mode of utili- 
zation will be unsatisfactory in that it tends to inexactness and uncertainty. 
Unexpected difficulties in the control of the water-table due to springs, in 
the quantity of sulfur contamination, or from any other evidence brought out 
after more detailed field work or laboratory research may suddenly cause a 
deposit to lose much of its reputed practical value and place it in the non- 
productive class. On the other hand, improvements in methods of utilization 
may again change greatly the value of the practical classification. Some 
deposits may be used in several ways while in others the material has only a 
limited possibility. The various uses for which peat materials are best adapted 
have been discussed in detail in former publications (6, 7). The progress of 
peatland agriculture and the expansion of peat industries depend for their 
success upon the kind of raw material used, and hence due care must be 
observed in the selection of a workable deposit. In its larger aspect the crite- 
rion for a judicious choice should not only be fundamental, but also in line with 
the essential processes which initiate, continue or modify and finally terminate 
the development and structure of an accumulation of peat materials. It 
may be difficult for the layman to apply ecological and stratigraphic principles 
and to work out the basic factors of field conditions; it may be cumbersome 
for peatland operators to determine the relative importance of climatic, 
geologic, vegetational and topographic influences, especially where it is not 
readily evident whether the most striking cause may not be the less important 
and significant one in limiting the possibilities of a peat deposit. Nevertheless 
the view seems well supported from past failures that in the utilization of peat 
deposits for one or more practical purposes the field conditions and the layers 
of peat material are controlling factors in a profitable industry, and that the 
life history of the deposit should be carefully considered by prospective 


producers. 


System of classifying peat deposits based on surface vegetation 


Various comprehensive studies and classifications of peat deposits in America 
and elsewhere have been made according to the surface vegetation. There 
need be no objection to such terms as marsh, fen, bog, heath, shrub, forest, 
which represent a well marked physiognomy of vegetation. They are com- 
mon names in many languages and the field conditions of each have a more or 
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less differentiating character, notably in the relation of the ground-water 
level to the surface of the soil. The possibility of using the native surface 
vegetation as a basis for differentiating between deposits of peat rests, however, 
entirely on the provision that the relation between the living vegetative cover, 
the character of the profile structure of the deposit, and the nature of the 
underlying mineral soil, is correctly interpreted. The degree of natural drainage 
which establishes itself in time on the surface of a deposit often determines 
the character of the vegetative cover. As a rule, deciduous trees such as 
maple, ash, elm and others are looked upon to indicate a better quality of 
deposit but exceptions are not uncommon where the material on which grow 
tamarack, spruce, or cedar would yield better results. The accumulation of 
vegetable material in the layer just below the surface vegetation is by far 
more frequently the decisive factor on reclaimed peat deposits, and hence of 
greater significance than the thin veneer of material formed from the plants 
on the surface of abandoned peat deposits or in consequence of fire or drainage. 

There are few deposits which have not some kind of a structure formed 
during the various periods of time when the peat materials were deposited. 
In dealing with surface vegetation alone as an indicator, it would be impossible 
to determine the extent to which the vegetative cover is a characteristic of 
that structure or whether it was at all times successively the top layer at that 
point. A clearer concept will be gained in regard to the value of surface 
_ vegetation for distinction between peat deposits when accumulations of peat 
are considered in the light of their origin. Continuous deposition of a peat 
material from any type of surface vegetation would produce a deposit nearly 
uniform throughout, provided the field conditions remained constantly the 
same; the thickness of accumulation would be commensurate with the rate 
of deposition, the length of time and the nature of the plant remains. Vari- 
ation in the composition or in the nature of the vegetation unit forming peat, 
or a change in field condition would bring about a commensurate change in 
the character of the deposit. The great changes in the stratigraphic features 
of peat deposits may safely be regarded as indicative of major changes in the 
surface vegetation at that particular time, and in the field conditions during 
that period. There are deposits in which the course of development has been 
a conversion of forest to marsh and finally to open water, and there are others 
the structure of which shows alternations between or different combinations 
in the superposition of several types of peat material. The occurrence of 
sedimentation, for example clay and sand from floods or from subsidence, as 
intercalations between layers of peat, serves to qualify very markedly any 
relationship between surface vegetation and the character of the deposit. It 
is necessary to bear in mind that by itself a surface vegetation of any unstable 
stage in the formation of peat deposits can not be regarded as significant in 
the determination of groups, classes, or other divisions of peatland areas. 
As a rule, the present plant populations at the surface, many of which have 
been described and classified elsewhere (4, 6) enter but little into the structure 
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of the larger portion of a deposit. The older or lower layers of peat deposits 
of the Scandinavian countries, of Holland, Germany, Switzerland, Finland 
and Russia, have a surprising number of features in common with some of 
the peat deposits in this country. With further accumulation of plant remains 
this feature becomes less marked; those of the regional distribution of plants 
and of climatic differences gradually increase in effectiveness. In surface 
vegetation of today many American and European deposits are quite unlike. 


Topographic classification of peat deposits 


There are peat deposits which are obviously associated with topographic 
conditions. They represent filled lakes and ponds, accumulations within 
and between moraines, on till plains and other flat areas and combinations of 
these types of land surface. However, in another paper dealing separately 
with representative groups of peat deposits, it will be possible to indicate that 
many of them are far from showing an exclusive relation to topographic 
conditions. These deposits comprise accumulations of plant remains in 
ancient drainage channels, glacial lake basins, old wave-built terraces or 
plains bordering the ocean and other important land forms which in all cases 
were free from water when marsh, forest and other vegetation units began to 
occupy these areas. They are among the chief sites of peat accumulations 
of the present time. Furthermore, the present streams and smaller drainage 
channels of peat lands are as a rule very young, having been established in 
most cases subsequent to the formation of the peat deposits. Most of the 
waters now flow on top of several layers of peat material and in places flow 
over deposits in which they are forming new and more or less distant channels. 
The imperfections of the surface drainage, shown by that large acreage of 
so-called swampy, overflowed, and wet grazing lands, is due in great measure 
to the comparative shortness of time since the establishment of the present 
surface streams and the retardation consequent on vegetation obstructing 
the run-off. 

It is a striking fact that in the past far-reaching vegetation changes appear 
to have taken place over a great variety of land forms and, in many cases, 
without any marked correlation on the part of any factor except the water 
relation. The underlying causes for many vegetation changes even of today 
are found more readily in the successions of plant populations which operate 
within the limits of the controlling climatic factor of the region concerned. 
But the chief objection to a primary classification of peat deposits on topo- 
graphic differences is that it obscures the structural development of a deposit 
and adds to the difficulty of distinguishing peatland areas which result from 
a rise in the water level through barrier formation, from flooding due to 
increased rainfall, from subsidence of a region or other disturbances. More- 
over, certain soil conditions may arrest the succession of vegetation and keep 
it stationary at a point far short of the possible development within the 
topography of the area, while elsewhere the influence of plant migration and 
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of regional differences in vegetation increases in effectiveness. It appears 
probable and in fact seems a necessary ‘consequence of the direct and infer- 
ential evidences obtained by Swedish investigators during the past decade 
that the character and direction of the structural formation of a peat deposit 
depends more upon climatic changes than upon anything else. 


European system of classifying peat deposits 


The classification of peat deposits which resulted from European investi- 
gations has reference to the sequence or superposition of certain types of 
peat material found in the moors. Three kinds of deposits or moors are 
recognized as main stages of a developmental series (22); low moor or flat 
moor (Niedermoor, Flachmoor, Verlandungsmoor) the vegetation units of 
which give rise to the marsh group of peat materials; transition moor or 
intermediate moor (Zwischenmoor, Ubergangsmoor) from which shrub and 
forest types of peat are derived, and highmoor (Hochmoor) which in the main 
is equivalent to sphagnum and heath types of peat. The tendency of some 
authors is to eliminate the transition moor since it appears to be less well 
characterized than the low moor and the high moor. The differences between 
the two latter in botanical composition of plant remains are well marked and 
they serve primarily for estimating the agricultural and industrial possibilities 
of these deposits. But the existence of upper and lower forest beds in peat 
land, found at the same horizon through deposits in widely separated regions, 
is of relatively great scientific importance. Shrub and forest types of peat 
indicate evidence, it is believed, for considerable changes in the environment 
during late glacial and postglacial times, and in the migration of vegetation. 
That peat deposits will yield abundant information on these points may be 
expected from the results already obtained in Europe by De Geer and Ser- 
nander (9), von Post (15), Samuelsson (17), Weber (22) and others. 

The European system embodies the results of prolonged consideration and 
is well adapted to delineate the pronounced climatic influences of the northern 
part of that continent. But the continental system of classifying peat deposits 
is too limited for satisfactory discriminations in other countries. It is not 
suitable to peatland areas of other climates and to those deposits which upon 
examination show that other kinds of developmental and structural features 
are possible than those illustrated by the relative position of high-moor peat 
materials resting on low-moor types of plant remains. The striking cross- 
sections of American peat deposits such as the Kankakee marsh in Indiana, 
the Everglades of Florida, or the Dismal Swamp in Virginia and North Carolina 
are typical examples of what may be expected in the space and time relations 
of other kinds of peat deposits. They give a significant interest to investi- 
gations and to experimental work of peat deposits elsewhere which were formed 
under climatic influences quite unlike those of northern continental regions. 
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. Classification of peat deposits based on chemical analyses 


A distinction is often made between peat deposits on the basis of chemical 
differences, especially in lime content or in acid reaction. These and other 
chemical distinctions are unreliable when not related to type of peat material 
and they are inadequate to be used for purposes of classifying peat deposits. 
Chemical analyses are difficult to interpret and they are practically worthless 
when a peat deposit consists of a series of different layers of peat, and especially 
so when some of these are separated by intercalated mineral sediments, or 
contain siliceous, sulfureous or ferruginous material as contaminations or as 
depositions by plants and animals. Cases of that kind are numerous in 
deposits of peat near rivers and subject to overflow. 

In the greater number of deposits a low content of lime or other mineral 
constitutents may be regarded as due partly to the underlying soil and geologic 
formation. A clay or marl substratum usually indicates fertilizer require- 
ments quite different from sandy subsoils. Differences in quantity and in 
quality of salt content become observable as a rule after drainage, and under 
cropping systems which favor evaporation of the ground water from the surface 
layer of the organic soil. These conditions may affect all kinds of deposits 
alike when they are under cultivation and shrink. It is important to note 
that the influence of capillary action upon salt solutions, which Briggs and 
Lapham (2) have investigated, is related also to capillary limits in types of 
peat, and that studies on absorption and differential deposition, like those of 
Cameron (3) and of Patten and Waggaman (14), should be carried out on 
peatland areas before a chemical or a fertilizer analysis may be of value in 
differentiating between peat deposits. The fact should not be overlooked 
that layers of peat at different levels or the removal of surface material may 
give rise to entirely different chemical reactions. 

The physical and chemical changes which take place in peat deposits are 
brought about to some extent by micro-organisms. Their presence in peat 
deposits has been demonstrated by a number of investigators (11). Some of 
the chemical reactions in bacterial culture studies with several types of peat 
have been reported in an earlier work (6) in connection also with the problem 
of bacterial by-products in peat deposits, contributing to the xeromorphy in 
the vegetation of the coal age (5). Results secured in Europe and in this 
country indicate that requirements of chemical fertilizers are often for the 
purpose of balancing products due to bacterial activity, for example, an 
excess of available nitrogen. Green plants on peat deposits utilize water and 
the carbon dioxide to form food, the starches, sugars and fats necessary to 
their nourishment. The mineral soil constituents are indispensable, but 
their amount is very small for any native vegetation unit growing on peat 
deposits and alone the inorganic salts are incapable of sustaining life in plants. 

It is obvious, therefore, that a chemical classification of peat deposits based 
on initial tests or requirements must differ considerably from one made at a 
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later period and it is apparent also that it would be in general easier to remedy 
the chemical deficiences than to change the nature and characteristic influ- 
ence of the type of peat material or the structure of the deposit. 


The stratigraphic system of classifying peat deposits 


In a system of classifying peat deposits which is to conform with the devel- 
opment and structure of such deposits, it is clear that the genesis and sequence 
of peat materials must constitute the chief basis for grouping; it must furnish 
basic criteria concerning the causes and methods by which the structural 
features, changes and conditions have been produced or can be utilized. A 
stratigraphic classification of peat deposits such as the writer proposes thus 
includes more especially the two great primary divisions of water-laid and 
land-laid peat deposits, the latter of which show as the noteworthy character- 
istic the presence of roots in the mineral substratum. This system necessarily 
includes and is based upon a botanical analysis of the peat materials them- 
selves, of their sequence and relative position. It represents the historical 
and genetic view in its broader sense, deals with the structural features which 
deposits exhibit and, furthermore, takes careful account of the past physical 
conditions of the environment. Nor does it leave out of consideration, the 
various regional and climatic changes and their influence during the entire 
period in which the deposits were formed. The botanical composition of 
peat materials, their successional position in a deposit, the habitat conditions 
which they reflect, all have their importance but their chief value lies in corre- 
lations and in pointing out the basic process by which a peat deposit arises 
and culminates, becomes stabilized or converted. A peat deposit undergoes 
changes in structure until it comes into equilibrium with environmental con- 
ditions and thereupon continues without further change in structure. When- 
ever the conditions are changed climatically, physiographically, by migration 
or alteration in plant and animal populations, a corresponding change of 
structure results. But this change does not necessarily imply advance. Often 
it is towards neither a progressive nor retrogressive structure, but a new 
combination, a complex or mosaic which spreads upon and supplants the 
earlier structural features. In the light of the stratigraphic results obtained 
it should not be difficult to find out to what extent the life history of the various 
deposits is essentially the same or presents striking differences. More com- 
plete studies, of course, will contrast these differences, and they will soon 
furnish a more correct insight. Those who are cognisant of the meaning of 
these facts from an economic as well as a scientific point of view will be able 
to realize how important and urgent is the need for looking more fully than 
heretofore into the structural features of peat deposits and not only of investi- 
gating the main types of peat material but also of obtaining a further measure 
of technical and mechanical utilization of these stores of accumulated energy. 

The fundamental problem in a stratigraphic or developmental classification 
of peat deposits is, however, not alone the local sequence of types of peat 
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material, but also the equivalence of these types in different geographical 
regions. If principles and processes are of universal application, it is important 
to know to what extent the layers of one deposit may constitute a natural 
group strictly homologous in its age or time relation, with all the layers of a 
similar deposit elsewhere. The establishment of likenesses and differences 
among peat deposits, and of a time relationship between peat deposits of 
separate morainal systems and of different regions has not been as yet among 
the aims of American workers in peat problems. The work of foreign investi- 
gators, though familiar to the specialist, has generally escaped the attention 
of the student. Hence it has not been possible hitherto to contribute either 
toward establishing the identity and correspondence or to determine the 
exact time equivalence of peat deposits of great recessional moraines and 
between different countries. There appears to be little doubt that the identi- 
fication of layers of peat material by means of the plant remains included in 
them will make feasible a grouping of deposits which formed during a common 
substage in the glacial period, and which may thus be referred to or based on 
a general age and time scale. 

The period of the Wisconsin stage of glaciation was not a single advance 
and melting of the ice sheet but was somewhat complex. The early stage 
of the retreat of the ice sheet, which was marked by the Shelbyville and the 
Bloomington morainic systems, appears to have been followed by a readvance 
of the ice and by a shifting of the line of flow as the ice again spread out over 
the surface of the land. This readvance has been designated as the later 
Wisconsin stage. The limit of the readvance is marked by the Valparaiso- 
Kalamazoo-Mississinewa morainic systems. 

The stratigraphic study and the mapping of peat deposits distributed within 
the series of important positions of the ice border as the result of the melting 
of the glaciers, may furnish valuable data for the study of past climatic changes. 
The various morainic groups, such as the Shelbyville, the Bloomington, the 
Valparaiso-Kalamazoo-Mississinewa, the Lake Border-Defiance, and the Port 
Huron morainic system represent climatic pulsations. They mark halting 
places during which the climate ceased to become milder and either remained 
nearly uniform for a while or else reverted somewhat toward the conditions 
which induce glaciation. It is obvious, therefore, that the sequence of peat 
materials in the deposits of these main systems may furnish the data for char- 
acterizing the climate of the earlier and the later Wisconsin stages and of 
the successively less extensive portions of the ice front. Perhaps a further 
classification of the peat deposits of the United States into two main sub- 
divisions—those beyond the invasion of the late Pleistocene ice age and those 
within the glaciated area of the country would prove more practical. The 
minor subdivisions, especially of the deposits relating to the successive posi- 
tions of the ice border, might give a record of striking individuality. They 
outline areas over which may exist similar advantageous types of peat, and 
they may give much information regarding suitable deposits for experimental 
work in agricultural and industrial problems. 


SOIL SCIENCE, VOL. X, NO. 6 


464 ALFRED P. DACHNOWSKI 


Many of the European workers refer the stratification of a peat deposit 
not to successive changes in the level of ground water but correlate the sequence 
of peat materials with alternating wet and dry periods which accompanied 
changes in climatic conditions. It will now be possible to extend the 
European investigations dealing with climatic changes to the glacial regions 
of North America and to show whether or not glaciations have been contem- 
poraneous, whether they depended upon general or local causes, and whether 
plant populations have immigrated and were affected by alternating dry and 
humid periods. But until the plant remains in peat deposits are more exten- 
sively studied microscopically and along lines of modern investigations, as 
those of Lennart von Post (16) and his collaborators, similarity of sequence 
and resemblance of types of peat material will be taken as the criterion. The 
procedure may lead to many erroneous correlations. Correspondence in 
succession of peat materials cannot always be regarded to have significance 
in regard to time equivalence as well, for example, in those cases where the 
layer of peat of the same botanical character is not necessarily of the same 
age, or where deposits of the same geologic period may contain plant remains 
not at all of the same botanical composition. 

It is thus seen that a classification based on stratification soon must sulen 
on a chronologic aspect, especially as workers in peat problems begin to 
perceive that only a limited number of peat materials may be formed during 
the lifetime of a deposit and that in some areas the strata are often separated 
from those above them by a sharp line of demarkation. For the detailed 
study of American peat deposits correlation by plant remains is undoubtedly 
the most reliable working method and to identify the chief groups of American 
types of peat with similar types in other countries may be, in many cases, 
not far from wrong. There is little doubt that the morphological basis of 
classifying peat deposits will gain in value when established on renewed and 
thorough microscopic study and methods such as those used, for example, 
by the “Upsala School” (9, 13, 16, 18, 19). It is equally evident that the 
study of American peat deposits must be pursued independently if the growing 
demands of peatland industries and agriculture are to receive adequate scien- 
tific codperation. 
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During the progress of work under investigation for the last two years, it 
has been necessary to make a large number of determinations of the hydrogen- 
ion concentration of various solutions. For this work the indicators proposed 
by Clark and Lubs (2) were used and for the early part of the work their buffer 
solutions also were employed. Comparisons of colors were at first made in 
comparison blocks essentially like those of Hurwitz, Meyer and Ostenberg 
(5) and described by Clark and Lubs (2), but later an entirely new apparatus 
was devised which had the advantage of allowing more accurate comparisons 
and of permitting the determinations to be made more rapidly. This new 
apparatus, which is here described, has given excellent satisfaction for more 
than a year in the determination of hydrogen-ion concentrations ranging in pH 
values from 2.0 to 9.0 when it has been necessary, at times, to make as many 
as 100 determinations a day in addition to other regular laboratory work. 

The preparation of the buffer solutions of Clark and Lubs (2) required so 
much time and care that it appeared worth while to adapt the apparatus for 
use with the more easily prepared double-tube standards suggested by Barnett 
and Chapman (1) and later improved by Gillespie (4). Some trials were con- 
ducted upon methods of preparing the double-tube standards and the final 
results of the observations made also are given. 

The essential part of the new apparatus is the eyepiece which, in this case, 
was removed from an old colorimeter. It is shown diagrammatically and in 
actual size in figure 1, and photographically in plate 1, figures 1 and 2. 

The frame for supporting the eyepiece was so made that wooden blocks 
holding the color tubes would slide in it before the eyepiece bringing the color 
tubes successively into view. Besides making the use of the tubes more con- 
venient and rapid, the blocks serve to eliminate from the eyepiece, light com- 
ing from any source other than through the color tubes. One block holding 
the tubes of standard colors with known pH values is passed before one section 
of the eyepiece while before the other section of the eyepiece is passed another 

1 Paper No. 10, of the Technical Series, New Jersey Agricultural Experiment Stations, 
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block holding tubes containing the solutions of unknown pH values. When 
the pH value of one unknown has been determined, the next unknown may be 
passed quickly before the eyepiece and the block of standards moved co the right 
or to the left until a color is found which corresponds to the unknown and the 
pH value at once read off from a number on the block showing the pH value 
of the standard color tube before the eyepiece. The wooden blocks may be of 
any desired length, but for the tubes of standard colors it is most convenient 
to use a block long enough to accommodate at least a complete set of color 
standards for a single indicator. 

Tubes best suited for use in this apparatus are screw cap homeopathic 
vials about 15 mm. in outside diameter and 46 mm. high. These are most 
conveniently used without the screw caps for the solutions of unknown pH 
values, but the standard colors may be kept and used for several days if the 
caps are partly filled with melted paraffin and screwed tightly onto the bottles 
after the paraffin has hardened. 

If double-tube standards are to be used or if the single-tube standards are 
to be used with unknown solutions which are turbid, it is necessary to have 
blocks which are so made that they will accommodate two rows of tubes. 
One such block is shown in plate 1, figure 2. When the narrower blocks are 
used in a frame made to accommodate the wider blocks, it is well to use with 
them blocks which will shut out side light and admit only the light which 
comes through a ground-glass plate on the back side of the frame. If the 
. double-tube standards are to be used while the pH values of turbid solutions 
are being determined, the frame will need to be made to accommodate blocks 
holding three rows of tubes, or one tube can be inserted into the framework 
back of each of the double-tube blocks. 

The convenience of the apparatus, the rapidity with which it may be used 
and its adaptability are readily seen and further description, other than that 
accompanying the figures, is unnecessary. 

Gillespie (4) tested out the behavior of several of the indicators first pro- 
posed by Clark and Lubs and by means of the hydrogen electrode found, as 
had previously been supposed, that at least several of them actually do follow 
the equation for the dissociation of a monobasic acid or of a monoacid base. 
The calculations for table 1 were made according to this equation which is: 


k 


in which a = the percentage dissociation (or per cent of indicator in the form 
giving the color produced by the dissociation products), (H)= hydrogen-ion 
concentration and & = a constant. 

If the constant & in this equation is known, we may calculate what per cent 
of indicator used is in the form to give the acid color and also the amount in 
the form to give the alkaline color at any given hydrogen-ion concentration. 
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Fic. 1. EyEpIECE AND TUBE HOLDERS OF THE APPARATUS FOR COLORIMETRIC DETERMINA- 
TION OF HypROGEN-ION CONCENTRATION 


A. Eyepiece—aa, glass prisms; bb, lenses; c, visible color disk. 
B. Tube holder for upper opening of eyepiece when eyepiece is in operating position. 
C. Tube holder for lower opening of eyepiece. 
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Clark and Lubs (2) have given the values of & for a number of indicators deter- 
mined according to their method of finding the “half transformation points,” 
the hydrogen-ion concentration corresponding to each of these points being 
the same in numerical value as that of the constant & for the indicator in ques- 
tion. Gillespie also has made some determinations of the constants by means 
of the hydrogen electrode. Using these constants as they have been deter- 
mined, we may calculate values for a in the above formula which will corre- 
spond to any chosen number of hydrogen-ion concentration values. These 
calculated values may then be used to plot a curve which will show the per- 
centage of indicator in the form giving the acid color at any hydrogen-ion con- 
centration. Such curves for several indictors are given in the article by 
Clark and Lubs (2) and also in a more recent article by Lubs (6). It is not 
necessary, however, to have a curve for each indicator. It is necessary only 
to place the pH value which corresponds to the “half transformation point” 
of each indicator opposite the midpoint of the curve and reverse the direction 
of increasing pH values, for those indicators which behave as bases, from the 


direction given for indicators behaving as acids. How this may be done is . 


more easily understood by referring to figure 2. This graph shows not only 
the per cent of indicator which is in the forms giving the acid and the alkaline 
colors when single-tube standards are used, but also the per cent of total indi- 
cator in both tubes of each pair that should be placed into each of the tubes 
when double-tube standards are used and equal amounts of solution plus 
indicator are placed into each tube. 

Other indicators than those referred to below the graph, provided their 
dissociation follows the same equation, may be added to the list by simply 
finding the pH value corresponding to the “half transformation point” and 
placing it opposite the midpoint of the curve, then arranging the other pH 
values according to the behavior of the indicator as an acid or as a base. 

Since the method of using the double-tube standards has been described 
both by Barnett and Chapman (1) and by Gillespie (4), it will not be necessary 
to repeat it here. It seems advisable, however, to show how a series of double- 
tube standards may be made more complete and to give a table which will 
assist in their preparation. 

For determining accurately the per cent of total indicator to be placed in 
each of the tubes, the graph in figure 2 may be drawn to a larger scale or 
instead, a table may be prepared by means of the equation already given and 
made as complete as desired. Numbers on the accompanying graph show 
the percentages of indicator in the form giving the acid or alkaline color for 
pH values as close together as 0.1, which is as close as pH determinations can 
be accurately made colorimetrically in most cases. The actual amounts of 
indicator and the necessary dilutions to be used with the double-tube stand- 
ards are shown in table 1, which shows variations of 1.0 per cent of indi- 
cator in the form giving the acid or the alkaline color when the tubes are 
viewed as they are when used in the apparatus here described. The percent- 
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Fic. 2. GrapH Givinc PERCENTAGE DissocraATION OF INDICATORS FOR DIFFERENT pH 
VALUES REPRESENTING PER CENT INDICATOR IN AcID CoLor Form For Inpicators Num- 
BERED 1, 3 AND 4 WuicH BEHAVE AS Monoacip BASES AND PER CENT INDICATOR IN 
ALKALINE CoLor Form For INDICATORS NUMBERED 2, 5, 6, 7, 8, 9 AND 10 WuicH BEHAVE 
As Monosasic Acips 


The numbers at the left below the graph refer to the indicators as follows: 
1. Thymol blue (acid range) 4, Propyl red 7. Phenol red 
2. Brom-phenol blue 5. Brom-cresol purple 8. Cresol red 
3. Methyl red 6. Brom-thymol blue 9. Thymol blue (alkaline range) 
10. Cresol phthalein 
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ages of indicator in the acid form and in the alkaline form for the different 
pH values chosen are given in the first two columns of the table. The two 
tubes of the double-tube standard may be prepared by measuring into them 
these percentages of the total amount of indicator used in both tubes, and 
diluting both to the same volume, one tube with a solution giving the acid 
color of the indicator, the other with a solution giving the alkaline color. It 
is evident that the same results may be obtained by using any amounts of 
indicator in either tube provided the proper dilution is made to give the same 
concentration of indicator as.is obtained by the above procedure. Since it is 
difficult to measure the small amounts of indicator necessary in following 
‘ the former procedure, requiring the use of several dilutions of each indicator, 
the same result has been obtained by adding to each tube an amount of 
indicator which is easily measured and obtaining the proper dilution by 
varying the amounts of the solutions with which they are diluted. The 
amounts of indicator given in the third and fifth columns of table 1 are easily 
measurable quantities arbitrarily chosen. and the necessary amounts of acid 
and of alkali solutions to give the different percentage concentrations of 
indicator were then calculated according to the following formula: 


which may be simplified to the form: 


(2 1000) 
d 


in which x = cubic centimeters of solution to be used in diluting the chosen 
amount (cc.) of indicator (d); @ = cubic centimeters of indicator arbitrarily 
chosen for use in the tube under consideration (see third and fifth columns 
of table 1); b/c = ratio of solution plus indicator in either tube to total indica- 
tor in an equal volume of the mixture from each tube; d = percentage which 
the indicator in the tube under consideration represents of the total indicator 
in a like volume of the mixture from each tube (see first and second columns 
of table 1). 

The ratio b/c may be varied according to the strength of indicator solution 
to be used and the depth of color desired in the tubes for comparison. In the 
calculations for table 1, } is given the value 2.2 and c, the value 0.2. Substi- 
tuting these values, the formula as used becomes: 
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Since calculations according to this formula are made on the basis that 2.2 
cc. from the acid tube and 2.2 cc. from the alkaline tube contain a total of 
0.2 cc. of indicator, the color of the observed light from double-tube standards 
prepared according to table 1, has been produced by as much total indicator as 
has the color of the light from the tube of an unknown solution, the pH value 
of which is to be determined, when 0.2 cc. of indicator has been added to 2 cc. 
of the unknown solution. For this reason, when standards made according to 
table 2 are used, the tubes of unknown should always be made up for compari- 
son by adding 0.2 cc. of indicator to each 2 cc. of the unknown in tubes of the 
same diameter as the tubes used for the standards. 

By means of the graph (fig. 2) and table 2 a double-tube color standard 
for any pH value may be easily and quickly prepared. For example, if a 
double-tube standard for the pH value 5.7 is desired, the graph shows that 
either methyl red or brom cresol purple may be used, 20.1 per cent of the 
former being in the form which gives the acid color of the indicator and 
20.1 per cent of the latter being in the form which gives the alkaline color 
of the indicator. For practical work the nearest whole per cent is close enough, 
or, with methyl red, 20 per cent in the acid form and 80 per cent in the alkaline 
form. By referring to table 1 it is found that the proper dilutions for these 
percentages are obtained when, in one tube 0.1 cc. of the indicator is diluted 
with 5.4 cc. of the solution which brings out the required acid color, and in the 
other tube 0.2 cc. of the indicator is diluted with 2.55 cc. of a solution which 
brings out the required alkaline color. 

Gillespie (4) brings out the alkaline color of the indicators by adding one to 
two drops of a 0.2 per cent solution of sodium hydroxide to each tube, and the 
acid color by means of 0.05 N hydrochloric acid or 2 per cent acid potassium 
phosphate (KH,PO,), from one drop to 1 cc. being added to each tube. The 
total volume in each tube is then made up to 5 cc. with water. According to 
the method here described, the acid and the alkaline colors of the indicators 
are brought out by the solutions with which the indicators are diluted. For 
this reason the solutions should have approximately definite hydrogen-ion 
concentrations. It is not necessary that these solutions contain strong buffers, 
but it is well that they should so that their hydrogen-ion concentrations may 
remain constant on standing. 

With the indicators of Clark and Lubs giving a range of pH values from 
1.0 to 10.0, it is best to have five solutions of different hydrogen-ion con- 
centration values for making the dilutions. These should have approxi- 
mately the following pH values and may be made according to the following 
suggestions. 

1. 0.5 N hydrochloric acid having a hydrogen-ion concentration near 1.5 N 
(3, p. 15). 

2. Solution with a hydrogen-ion concentration near 1 X 107'* containing 
3.728 gm. of potassium chloride and 131.5 cc. of 0.2 N hydrochloric acid per 
liter (2). 
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TABLE 1 
Amounts of indicator and of acid and alkaline solutions to be used in making double-tube color 
standards varying by increments of 1 per cent of indicator in either color form (pH values 
corresponding to the different percentages may be taken from the graph, figure 4) 


INDICATOR IN MAKE ACID COLOR WITH MAKE ALKALINE COLOR WITH 
ALKALINE COLOR 
— Indicator Acid solution Indicator Alkaline solution 


INDICATOR IN 
ACID COLOR FORM 


per cent* ce. cc. ce. 

0.05 10.95 0.20 
9.12 0.20 
7.81 0.20 
6.83 0.20 
6.06 0.20 
5.45 0.20 
4.95 0.20 
4.53 0.20 
4.18 0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 


ae OP PR © Ud 


: 
i 
2 
2.) 
2.2 
2. 
2. 
2.48 
ig 
23 
2. 
q 
2.2 
2:2 
2.2 
2.3 
2:5 
2.5 
2.60 
2.65 
2.69 
2.80 
2.85 
2.91 
2.96 
2 


DETERMINATION OF HYDROGEN-ION CONCENTRATION 


. TABLE 1—Continued 


MAKE ACID COLOR WITH COLOR WITH 
INDICATOR IN INDICATOR IN MAKE ALKALINE 
ACID COLOR FORM 


Indicator Acid solution Indicator Alkaline solution 


ce. 
0.10 
0.10 
0.10 


ce. 


0.15 
0.15 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 10.95 


t+ 
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.19 
14 
10 
09 
02 
96 
91 
85 
80 
74 
69 
65 
60 

5 
1 
7 
3 
9 
5 
1 
8 
4 
1 
7 
+ 
1 
8 
5 
2 
6 
2 


5 
+ 
4 
3 
3 
3 
2 
2 
1 
0 
0 
0. 
6 
6 
58 
.48 
45 
42 
39 
36 
33 
30 
27 


2 

2: 
2. 
3. 
3. 
Zi. 
2. 
2. 
2: 

2. 
2. 
2; 
2. 
2 

2 

2 

Zs 
2 

2 

2 

2 

Ze 
2: 
2. 
2; 
2. 


0.20 


*On the basis that 100 per cent is the total amount of indicator in equal volumes of 
solution plus indicator from each tube. 
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per cent* per ceni* =. = ce. 

48 

49 51 
51 49 0.15 
i 52 48 0.15 
‘ 53 47 0.15 
54 46 0.15 
a 55 45 0.15 
56 44 0.15 
j 57 43 0.15 
58 42 0.15 
59 41 0.15 
a 60 40 0.15 : 
61 39 0.15 4 
q 62 38 0.15 
q 63 37 0.15 
i 64 36 0.15 
4 65 35 0.15 j 
3 66 34 0.15 : 

67 33 0.15 
4 68 32 0.15 j 
69 31 0.15 
4 70 30 0.15 : 
71 29 0.15 
72 28 0.15 
73 27 0.15 

74 26 0.15 i 
a 75 25 0.15 
4 76 24 0.15 

77 23 0.20 
3 78 22 0.20 : 
iq 79 21 0.20 
80 20 0.20 
81 19 0.20 
4 82 18 0.20 ; 
4 83 17 0.20 : 
84 16 0.20 
85 15 0.20 
86 14 0.20 
87 13 0.20 
88 12 0.20 
i 89 11 0.20 
90 10 0.20 
91 9 0.20 
92 8 0.20 

93 7 0.20 
i 94 6 0.20 
95 5 
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3. Solution with a hydrogen-ion concentration near 1 X 10~*® containing 
10.207 gm. of acid potassium phthalate and 199.25 cc. of N/5 sodium hydrox- 
ide per liter (2). 

4. Solution with a hydrogen-ion concentration near 1 X 10~'° containing 
3.1012 gm. of boric acid, 3.728 gm. of potassium chloride and 219.5 cc. of 
0.2 N sodium hydroxide per liter (2). 

5. 0.01 N potassium hydroxide having a hydrogen-ion concentration near 
1 X 10-® (3, p. 15). 

TABLE 2 


The hydrogen-ion concentration of solutions used to bring out the acid colors and the alkaline 
colors of the indicators 


H-I0N CONCENTRATION OF THE SOLUTION 
INDICATOR 
1.5N 1x 10-16] 1% 10-5-6 | 110-10 | 1x 10-12 
Thymol blue (acid range) pH | Acid color Alkaline 
1.0-2.8 color 
Brom-phenol blue pH 3.0-4.6 Acid color | Alkaline 
color 
Methyl-red pH 4.4-6.0 Acid color | Acid color Alkaline | Alkaline 
color color 
Propyl-red pH 4.8-6.4 Acid color Alkaline | Alkaline 
color color 
Brom-cresol purple pH 5.2-6.8 Acid color Alkaline 
color 
Brom-thymol blue pH 6.0-7.6 Acid color Alkaline 
color 
Phenol red pH 6.8-8.4 Acid color | Alkaline | Alkaline 
color color 
Cresol red pH 7.2-8.8 Acid color | Alkaline | Alkaline 
color color 
Thymol blue (alkaline range) Acid color Alkaline 
pH 8.0-9.6 color 
Cresol phthalein pH 8.2-9.8 Acid color Alkaline 
color 


Since exact hydrogen-ion concentration values are not necessary in these 
solutions, ordinary C. P. chemicals may be used without additional purification. 
Table 2 shows which of the solutions should be used in bringing out the acid 
and the alkaline colors of each indicator. It will be seen from this table that, 
between the pH values 3.0 and 8.8, only three solutions are necessary. For 
convenience and rapidity the solutions should be kept in bottles to which 
automatic burettes are attached for measuring out the desired quantities. 
Apparatus for determining the hydrogen-ion concentration of solutions by 
means of the hydrogen electrode was not available and for this reason absolute 
accuracy is not claimed for pH values determined as here outlined. They 
should be accurate, however, for those indicators found by Gillespie (4) to 
follow the dissociation curve of a monobasic acid or a monoacid base. Whether 
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the pH values follow this curve accurately or not, the method furnishes an 
easy and rapid means of duplicating a given color. 

If the use of single-tube color standards is preferred, these may be reproduced, 
when once they have changed color, by adding to the single-tube buffer solu- 
tion, a solution of slightly higher or slightly lower hydrogen-ion concentra- 
tion, as necessary, until the desired pH value is obtained, as determined by 
comparison with the double-tube standard. If this is contemplated and the 
single-tube buffer solution is to be taken as the standard, the single-tube 
colors and the double-tube colors should be matched when the single-tube 
buffer solutions have been freshly prepared, so that the proper double-tube 
standard may be used for comparison later. 
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PLATE 1 


Fic. 1. APPARATUS FOR DETERMINING*HYDROGEN-ION CONCENTRATION COLORIMETRICALLY 


The eyepiece is raised from its position when in use to show the circular openings through 
which the color tubes are observed. Both tube holders may be slid in either direction so as 
to bring the different tubes before the eyepiece. The lower tube-holder is for the standard 
color tubes and the labels on the holder are so numbered that the first visible number at the 
right of the eyepiece indicates directly the pH value of the standard color tube before the 
eyepiece. 


Fic. 2. APPARATUS FOR DETERMINING HyDROGEN-ION CONCENTRATION COLORIMETRICALLY 


One side of the eyepiece has been removed to show the prisms in place. Two tube holders, 
fastened together as they would be in using the double-tube standards, are shown just above 
the eyepiece. The blocks with square holes through them are for shutting out side light 
when only a single-tube holder is used before each opening of the eyepiece. A still larger 
opening is cut from the upright of the apparatus in front of the eyepiece and covered with a 
ground glass which diffuses the light and makes it much more satisfactory for color observa- 
tions. 
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THE HYDROGEN-ION CONCENTRATION OF CERTAIN THREE- 
SALT NUTRIENT SOLUTIONS FOR PLANTS 


A. G McCALL anp J. R. HAAG 
Department of Soil Investigations, Maryland Agricultural Experiment Station 


Received for publication November 3, 1920 


Until quite recently, practically all of the nutrient solutions used in the study 
of plant-nutrition problems have contained four or more salts in addition to 
a trace of iron. In 1915, Shive (4, 5) found that it was possible to make a 
satisfactory nutrient solution in which all of the essential ions (except iron) 
were derived from the three salts, calcium nitrate, magnesium sulfate, and 
monopotassium phosphate. 

This at once suggested the possibility that the six essential ions might be 
derived from other salts and in 1918 Livingston and Tottingham (3) published 
a paper giving the preliminary results obtained by the use of a three-salt 
nutrient solution different from that employed by Shive. 

These writers suggest six possible ways in which the six essential ions may 
be put into nutrient solutions by the use of only three salts. The six types 
of solutions suggested by Livingston and Tottingham are constituted as 
follows: 


TYPE I TYPE II TYPE III TYPE IV TYPE V TYPE V1 
Ca(NOs)2 Ca(NOs)2 Ca(H2POs,)2 Ca(H2PO,)2 CaSO, CaSO, 
KH2PO, KNO; KNO; KH2PO, 
MgSO, Mg(H2PO,)2 | MgSO, Mg(NOs)2 Mg(H2POx)2 | Mg(NOs)2 


In this preliminary paper these writers give a brief account of a study of 
the variation in yield of wheat seedlings grown in a series of type III solutions, 
one of Shive’s solutions being used as a check. 

Since the publication of his original paper, Shive and others have published 
the results of numerous investigations in which the three-salt solutions were 
employed both in sand and in solution cultures. As a result of these early 
investigations the Division of Biology and Agriculture of the National Research 
Council appointed a special committee to organize a movement for the co- 
operative study of plant nutrition problems and thus hasten the acquisition 
of knowledge concerning the salt requirement of a few representative crop 
plants. In order better to correlate the work of the co-operating scientists 
this committee formulated.standardized methods to be employed and provided 
each co-operator with a printed copy (2) of directions in which the preparation 
of the six type-solutions is given in detail. 

481 


SOIL SCIENCE, VOL. X, NO. 6 


482 A. G. MCCALL AND J. R. HAAG 


During the past two years this laboratory has been employing in sand 
culture studies, solutions of types I, III and IV made up in accordance with 
the directions prepared by the committee. In studying the plant response 
to various molecular proportions of the salts included in these solution types 
it was suggested that it might be possible to correlate the relative growth 
rates with the hydrogen-ion concentration of the nutrient solutions. Accord- 
ingly a series of solutions of each of the six types was made up in accordance 
with the committee’s directions and the hydrogen-ion concentration deter- 
mined by the method described by Gillespie (1). 

In every case, the determination of the hydrogen-ion concentration of the 
nutrient solutions was made on fresh samples since it was found that the stor- 
ing in ordinary glass containers for even a day changed the pH values quite 
materially. 


DATA AND DISCUSSION 
The pH values of the nutrient solutions are given in table 1. For conveni- 
ence in discussing the results, they are also arranged in diagrammatic form 


TABLE 1 
The hydrogen-ion concentration of certain three-salt solutions 


HYDROGEN-ION CONCENTRATION EXPRESSED IN TERMS OF pH VALUES 
SOLUTION NUMBER 

TypeI | TypeII | Type III |} TypeIV | Type V | Type VI 
4.7 3:5 4.1 4.1 3.5 5.3 
4.8 3.6 3.6 3:6 3.0 5.2 
4.8 3.6 3.6 3.6 3.6 
4.8 3.6 3.6 4 
R,S¢... 4.7 338 3.6 
4.6 3.5 4.1 4.1 3.5 
4.6 3.6 3.7 5:0 
R.S;... 4.6 3.6 3.6 3.6 3.6 5.0 
4.6 3.6 3.6 3.6 5.0 
R3S.... 4.5 3.6 4.1 4.1 35 49 
“Scab 4.5 3.6 3.7 3.6 4.9 
Sau 4.5 3.6 3.6 3.6 4.9 
RS... 4.4 3.6 4.1 4.1 3.6 4.7 
RS... 4.4 | | 3.6 4.7 
RS... 4.4 3.8 3.6 36 4.1 4.7 
RS... 4.4 4.1 4.1 3.6 4.7 
RsSe... 4.4 3.8 4.1 4.7 
4.5 3.8 3.9 4.1 3.8 4.8 
Control IR3.77S;.09 (1.75 atm.).... 4.4 
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in figure 1. In fact, it is only when arranged in triangular form that the 
effect of the volume-molecular proportions upon the H-ion concentration 
becomes apparent. 

Figure 1 brings out the fact that the H-ion concentration is, in general, a 
function of the volume-molecular proportion of the di-hydrogen phosphate 
salt used. In other words, as a general rule, all solutions in any one type 
having the same volume-molecular proportion of the phosphate salt, also 
have about the same H-ion concentration. It is also to be noted that the 
types containing KHPO, are considerably less acid than those containing 
Mg(HePO,)2 or Ca(H2PO,)2. The sulfate and nitrate salts apparently play 
only a minor part in determining the reaction of the nutrient solutions. 

It is not intended to give in this paper a detailed discussion of the influence 
of the H-ion concentration of nutrient solutions on plant growth. Judging 
from the results secured at this station with types I, III and IV, the variations 
in plant growth within any one type cannot be attributed to the hydrogen- 
ion concentrations of the nutrient solutions. Such parallelism between growth 
and reaction as exist, seem to be entirely incidental. This does not mean, 
however, that the H-ion concentration is not a factor in plant growth. 


SUMMARY 


1. In general, within any one type, the hydrogen-ion concentration of the 
solution is a function of the volume-molecular proportion of the di-hydrogen 
phosphate salt present. 

2. The types containing KH2PO, have a lower hydrogen-ion concentration 
than those containing either Mg(H2POx)2 or Ca(H2PO,)o. 

3. The sulfates and the nitrates apparently play only a minor part in deter- 
mining the reaction of the nutrient solution. 

4, The variations in plant growth, within any one type of solution can not 
be correlated with differences in the hydrogen-ion concentrations of the 
solutions. 
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Fic. 1. D1aGramMs REPRESENTING THE HyDROGEN-ION CONCENTRATION OF SIX TYPES OF 
. THREE-SALT NUTRIENT SOLUTIONS 


The number within each circle represents the pH value of that particular solution. The 
bottom line of each triangle is the base line for potassium, the left side the base line for cal- 
cium and the right side the base for magnesium. Each of the three base lines represents a 
row of solutions each of which has one-eighth of its total volume-molecular concentration 
derived from the salt for whch it is named, the salt proportion increasing by increments of 
one-eighth from row to row until the apex ofthe triangle is reached. The solution at each 
apex has six-eighths of its total concentration derived from the salt indicated at the opposite 
base line. For example, the solution represented’ by the third circle from the left in the 
second row (type I) has two-eighths of its total concentration derived from mono-potassium 
phosphate; three-eighths from calcium nitrate and three-eighths from magnesium sulfate. 
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TOBACCO PLANTS 
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It is generally accepted that the nitrate radical is the most favorable source 
of nitrogen for assimilation by the higher plants and that a proper amount 
of nitrate is favorable to their growth. On the other hand, too much nitrate 
is known to be toxic. Nitrates are often used in fertilizers, sodium nitrate 
(nitrate of soda, or Chile saltpeter) being the one most commonly employed. 

In transplanting tobacco to the field by machine, the machine delivers a 
small quantity of water about the roots of each plant as it is being set in the 
ground. It has occurred to some growers that the introduction of a little 
nitrate of soda into the water used in transplanting might serve to give the 
plant a better start. The literature seems to afford no data upon such a 
procedure and accordingly the department of agronomy of this station through 
Mr. E. J. Kinney, this summer began a series of field experiments in which 
water containing stated amounts of nitrate of soda was applied to tobacco 
plants as they were set in the field, for the purpose of testing the matter in a 
practical way, by ascertaining the effect upon the finished crop. The next 
day after the plants were set a very striking contrast was presented in the 
appearance of the several lots, those which had received nitrate being more 
or less wilted, the degree of wilting varying directly with the amount of nitrate 
received, while those which received none were fresh and thrifty-looking. 
In course of time, the plants which received the smaller amounts of nitrate 
recovered, but those which received the largest amount finally died. 

It occurred to us that this effect was dependent upon the concentration of 
sodium nitrate in the solution applied and that some laboratory experiments 
along this line would be desirable. The results of these have been so positive 
and striking that we have decided to present them in advance of the agronomy 
department’s report of the field work. 

In planning the field experiments, the several quantities of nitrate of soda 
were adjusted in pounds per acre, as is the custom in applying commercial 
fertilizers, the amounts being at the rate of 25, 50, 75, 100, 150 and 200 pounds 
per acre, but the several quantities were dissolved in equal amounts of water, 
so that the concentration of the solutions increased with the amount per acre. 
By calculation upon the quantity of water taken, it developed that the con- 
centrations used in the field experiments were equivalent to 25, 50, 75, 
100, 150 and 200 parts of nitrate respectively, dissolved in 3750 parts of water 
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by weight. Accordingly, the laboratory experiments were planned to cover 
this range and to include some weaker dilutions. 

The experiments were conducted in a good light, near windows, and evapo- 
rated water was replaced from time to time with distilled water which had 
been aerated. 

Incidentally it was noted that green algae appeared in some of the flasks, 
their growth varying roughly with the amount of nitrate added, and that 
bacteria developed strongly in those containing the higher concentrations, 
in which the tobacco plants died. 


EXPERIMENT A 
In this experiment the following dilutions were used: 


No. 1—Distilled water. 

No. 2—Tap water. 

No. 3—1 part commercial sodium nitrate: 3750 parts tap water. 
No. 4—5 parts commercial sodium nitrate: 3750 parts tap water. 
No. 5—25 parts commercial sodium nitrate: 3750 parts tap water. 
No. 6—150 parts commercial sodium nitrate: 3750 parts tap water 
No. 7—200 parts commercial sodium nitrate: 3750 parts tap water. 


The record of the experiment follows: 


June 21, 1920, 2:30 p.m. Forty young tobacco plants averaging 10 inches from tip of longest 
leaf to top of roots, were placed on a table to wilt. Owing to cool and rainy weather the 
plants had not wilted appreciably at the expiration of 3 hours, the time for closing the 
laboratory; they were therefore left over night. 

June 22, 1920, 8:00 a.m. All plants were very much wilted. 9:00 am. One of these 
wilted plants was placed in each of 7 pint jars containing the above solutions, the roots 
immersed. 

June 23, 1920. Plants no. 1, 2, and 3 had straightened up; leaves firm. No. 5 less firm and 
slightly drooping. No. 4, 6 and 7 drooping and less firm than any. 

June 30, 1920. All plants straightened up and all seem comparable in vigor and firmness 
except no.7. No.2 and 3 have best new root development. No. 4 and 1 have small new 
root development. No. 5 and 6 have no new root development. No. 7 wilted and no 
root development. 

July 6, 1920. All have developed as in the order of June 30. Practically no root develop- 
ment in no. 5 and 6. No. 7 dead. 

July 13, 1920. Vigor and development best in no. 3, next in no. 2 and then in no. 1. No. 
4, 5 and 6 drooping. 

July 20, 1920. No.3 decidedly best. No.2 and 1 are next best in the order named. No. 4, 
5 and 6, growth arrested. 

July 27, 1920. No. 3 decidedly best. No. 2 and 1 next best in the order named. No. 4, 
5 and 6 dead; practically no root development. 

August 25, 1920. Relative development of no. 3, 2 and 1 the same as on July 27, 1920. The 
vigor and growth of the plants accompany the root development. 

Experiment discontinued August 25, 1920. 


From this experiment it would seem that no. 3, or a concentration of 1 
part of sodium nitrate to 3750 parts of tap water gives the best resulting growth 
and that higher concentrations show toxic effects. 
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EXPERIMENT B 


The next experiment is recorded below: 


June 22, 1920, 8:50a.m. Planted 7 of the wilted plants from the same lot as those in experi- 
ment A, in separate pots containing sand and moistened the sand with solutions of the 
same concentrations as were used in experiment A. 

June 23, 1920, No. 3, 2 and 1 straightening up. No. 4, 5 and 6 drooping; degree about 
equal. No.7 very much wilted. 

June 30, 1920. Vigor and development best in no. 3; no. 2 next; no. 4 and 1 slightly less. 
No. 5 and 6, no growth. No. 7 dead. 

July 6, 1920. No. 3 decidedly best; no. 2 next, then 1 and 4, in order. No. 5 and 6, no 
growth. 

July 13, 1920. No. 3 best; no. 2 next and then no. 1. No. 4, 5 and 6 have not changed 
since July 6. 

July 20, 1920. No. 3 and 2, development good, about equal; no. 1 much less. No. 5 and 
6 dead. No. 4 alive but very little growth since planted, 

July 27, 1920. Only small growth in no. 3, 2 and 1 since July 20, 1920; relative increase in 
no. 3 and 2 is the same. Small growth in no. 1. No further growth in no. 4. 

August 25, 1920. No. 3 and 2 have growth and vigor about the same and are 10 inches high. 
No. 1 about 5} iches high. No. 4 still alive but no growth. 

Experiment discontinued August 25, 1920. 


In this experiment plant no. 3, representing a concentration of 1 part of 
sodium nitrate to 3750 parts tap water, shows the best early growth, indicating 
marked stimulating effects during that period. Its ultimate growth was better 
than that of any other receiving the sodium-nitrate solutions and slightly 
better than that of the plant receiving tap water alone. Higher concentrations 
were toxic to the plants. 


EXPERIMENT C 


The results obtained in experiment C are next presented: 


June 22, 1920. Two unwilted plants were placed in each of seven 500-cc. flasks containing 
the same solutions as were used in experiments A and B. 

June 23, 1920. No.1, 2 and 3—conditions unchanged—firm and upright. No. 4 and 5 droop- 
ing. No. 6 and 7 drooping badly. 

June 30, 1920. Vigor and development of no. 1, 2, 3 and 4 about the same; all erect. No. 5 
drooping. No. 6and7 dead. Root development, no. 2, 3 and 4 best, no. 1 and 5 less. 

July 6, 1920. Relative conditions the same as on June 30, 1920. Only small growth in any 
since that date. 

July 13, 1920. Vigor, growth and root development best and about equal in no. 2 and 3; 

’ no. 4 slightly less; no. 1 and 5 still less. 

July 20, 1920. Growth and vigor in no. 2 and 3 good and about equal; no. 4, 5 and 1 less 
in order named. 

August 25, 1920. Relative conditions the same. Only small growth in any since July 20, 
1920. 
Experiment discontinued August 25, 1920. 


It will be noted that no. 2 and 3 showed approximately equal development 
at the end of this experiment. No. 3, grown in the solutions containing 1 
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part of sodium nitrate to 3750 parts of tap water, showed no initial wilting 
such as occurred in those receiving the-sodium-nitrate solutions of higher 
concentrations. The higher concentrations were also toxic to the plants 
receiving them. 


EXPERIMENT D 


In the experiments described we have shown that the maximum growth 
was obtained in all cases by no. 3, or the plants receiving a solution of 1 part 
of sodium nitrate in 3750 parts of tap water, and that solution no. 4 which 
contained 5 parts of sodium nitrate to 3750 parts of tap water, had the lowest 
concentration that showed a wilting or toxic effect on the plants. In the 
case of experiments A, B and C, plants no. 4 showed a wilting effect which 
was temporary in nature, being completely overcome at a later period; how- 
ever, their ultimate development did not equal that of the plants which 
received 1 part of sodium nitrate to 3750 parts of tap water. The latter 
showed no early wilting effect. To determine the exact strength of solutions 
which would cause no early drooping or subsequent toxic effect, yet have the 
early stimulating effect of sodium nitrate, the following experiment was 
planned. 

The concentrations of the solutions were as follows: 


No. 1—Tap water. 

No. 2—1 part sodium nitrate: 3750 parts tap water. 
No. 3—2 parts sodium nitrate: 3750 parts tap water. 
No. 4—3 parts sodium nitrate: 3750 parts tap water. 
No. 5—4 parts sodium nitrate: 3750 parts tap water. 
No. 6—5 parts sodium nitrate: 3750 parts tap water. 


The progress of the experiment is here reported: 


June 24, 1920. Two unwilted plants about 10 inches from tip to tip were placed in each 
of 6 flasks containing 400 cc. of the above-named solutions. 

June 25, 1920. No. 1, 2 and 3 not drooping and apparently equal in vigor. No. 4, 5 and 
6 drooping. 

June 28, 1920. All have straightened up and are apparently equal in vigor. 

June 30, 1920. No. 3 and 4 best developed; no. 5 next; no. 1 and 2 next and about equal; 
no. 6 next, 

July 6, 1920. Kelative size, vigor and development unchanged. Root development corre- 
sponding to vigor and development. 

July 20, 1920. Vigor and development about the same as on July 6, 1920, except no. 6 
drooping. Root development about the same as above; very little root development 
in no. 6, if any. 

August 25, 1920. Relative conditions unchanged since July 20, 1920. Very little growth 
since that date. 

Experiment discontinued August 25, 1920. 


From experiment D it will be seen that solutions no. 2, or those receiving 
1 part of sodium nitrate to 3750 parts of tap water, caused no temporary 
wilting while those of stronger concentrations did. It is also indicated from 
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this experiment that the plants receiving 2 or 3 parts of sodium nitrate per 
3750 parts of tap water grew the best, even though they exhibited a temporary 
wilting at the beginning. 

From the foregoing experiments the following conclusions may be drawn: 

1. Sodium-nitrate solutions in concentrations greater than 1 part to 3750 
parts of tap water cause a wilting which varies in intensity with the concen- 
trations. 

2. Concentrations of 150 parts of sodium nitrate to 3750 parts of tap water 
and higher, cause a wilting which is more or less permanent in character. 

3. It is indicated that solutions containing 2 or 3 parts of sodium nitrate 
in 3750 parts of tap water give the best general development, even though 
there is a drooping at the outset. 

4. When using a solution of sodium nitrate in’ setting tobacco plants or 
for plant-beds, its concentration should be considered rather than the amount 
of nitrate per acre. The latter might be controlled, however, by regulating 
the amount of solution applied, though with the larger concentration indicated 
in paragraph 3, allowing a pint to each plant, and 8000 plants to the acre, 
the amount of nitrate applied would be only 6.4 pounds per acre. The logical 
method for plant beds would be to make several applications at intervals. 
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Acetaldehyde as a soil insecticide, 65 
Acid phosphate— 
as a factor in soil acidity, 157, 180-182 
in combination with aluminum salts, 169- 
182 
Acid reaction of peat soils, 461 
Acidity and alkalinity, the effect of, on de- 
composition of vanillin, 239 
Adsorption theory of soil acidity, 157 
Aldehydes, the presence of, in soils, 237 
Alfalfa, the Influence of Soil Reaction on the 
Growth of (paper), Jacob S. Joffe, 301- 
307 
experimental, 302-307 
introduction, 301 
Alkalinity and acidity, the effect of, onde- 
composition of vanillin, 239 
Aluminum— 
as a Factor in Soil Acidity (paper), Jose 
Jison Mirasol, 153-218 
aluminum in agriculture, 158-165 
experimental, 165-188 
introduction, 153-155 
opinions concerning the cause and na- 
ture of soil acidity, 155-158 
in plants, 159-160 
in soil, 162-165 
salts of, as stimulants and fertilizers, 160- 
161 
Ammonification— 
as measured by the antagonistic action of 
calcium sulfate and iron salts toward 
other salts, 77-102 
effect on, by additions of sodium, calcium, 
magnesium and iron salts, 82, 83-91 
_ effect of soil moisture on, 366-368, 379-380 
Ammonifying power of soils, 366-368 
Ammonium sulfate as a factor in soil acidity, 
156-158 
Azotobacter, effect of moisture on, 374-375 


Bacteria, cross-inoculation studies with nod- 
ule, 291-300 

Bacterial activity vs. crop production, 380- 
381 

Bacterium, a vanillin destroying, in soil, 237— 
246 


Barley, effect of, on nitrogen economy of 
soil, 254-255 

Beckwith, Charles S. (paper), The Effect of 
Fertilizers on Blueberries, 309-313 

Blueberries, effect of fertilizers on, 309-313 

Bluegrass, effect of carbon bisulfide treat- 
ment for grubs on, 17 

Botanical analysis of peat deposits, 462 

Buckner, G. D., Peter, A. M., and Kinney, 
E. J. (paper), The Concentration of 
Sodium Nitrate Tolerated by Tobacco 
Plants, 487-491 


Calcium— 
amount of, found in soils, 9-11 
and Iron Salts, the Antagonistic Action of, 
toward other Salts, as Measured by 
Ammonification and Nitrification (pa- 
per), J. E. Greaves, 77-102 
experimental, 80-81 
historical, 78-80 
influence of— 
calcium sulfate, 81-83 
iron salts on ammonification, 83-91 
nitrification, 91-100 
summary, 100-101 
and Nitrogen Content of Plants, the Rela- 
tion of, and the Function of Calcium 
(paper), F. W. Parker and E. Truog, 
49, 56 
function of calcium, 54-55 
relation of calcium to nitrogen, 53-54 
relative composition of plants, 49-53 
content of 34 species of plants, 50-51 
Estimation of Total, in Soils and the Sig- 
nificance of this Element in Soil Fer- 
tility (paper), O. M. Shedd, 1-14 
discussion, 11-12 
experimental, 2-11 
summary, 12-13 
method of determination of, 2-3 
Calcium acid phosphate, monobasic, effect 
of, on the vanillin content of soils, 243- 
244 
Calcium carbonate in combination with 
aluminum salts, 169-182 
Calcium cyanamide as a soil insecticide, 62 
Calcium nitrate, effect of, on green-weight pro- 
duction in potato plants, 395-396, 405 
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Calcium sulfate, antagonism of, toward 
sodium, potassium, calcium and mag- 
nesium salts, 81-83 

Capillarity, underlying physical factors con- 
cerned in, 104 

Capillary— 

movement, effect of initial moisture on, 
146 

Potential and Its Relation to Soil-Mois- 
ture Constants (paper), Willard Gard- 
ner, 357-359 

Transmission Constant and Methods of 
Determining It Experimentally (pa- 
per), Willard Gardner, 103-126 

discussion of experimental results, 112 
introduction, 103-104 
theoretical, 104-112 

Carbohydrates, effect of decomposition of 
vanillin by bacteria in soils, 244 

Carbon Bisulfide— 

A Study of the Behavior of, When Injected 
into the Soil and Its Value as a Con- 
trol for the Root-Form of the Woolly 
Apple Aphis (paper), B. R. Leach, 
421-451 

experimental results, 426-447 
introduction, 421 
plan of the work and methods, 421-426 

effect of, on bluegrass, clover, timothy, 17- 
18 

The Use of, Against the White Grub (pa- 
per), William H. Wood Komp, 15-28 

conclusion, 27-28 
discussion of problem, 15-16 
influence of— 
moisture upon effectiveness of fumi- 
gation, 22-27 
temperature upon effectiveness of 
fumigation, 21-22 
maximum dosage non-injurious to 
plants, 16-19 
minimum dosage lethal to the grub, 20- 
21 

Carbon dioxide— 

estimation of, in marls and limestones, 42 

production of, from limed and unlimed 
plots, 33-34 

the Determination of, in Water-Insoluble 
Carbonates (paper), C. S. Robinson, 
41-47 

gasometric method, 42-47 
titrimetric method, 41-42 


Carbonates, water-insoluble, estimation of 
carbon-dioxide in, 41-47 

Caron colorimetric method for nitrate deter- 
mination, 338-339 

Carter, E. G., Greaves, J. E., and (paper) 
Influence of Moisture on the Bacterial 
Activities of the Soil; see Moisture, In- 
fluence of, etc., 361-387 

Climatic changes as a factor in peat deposits, 
460 

Clover, white, effect of carbon bisulfide 
treatment for grubs on, 17 

Coal-tar or creosote as a soil insecticide, 64 

Coefficients of soil constants, 381-384 

Corn, effect of, on nitrogen economy of soil, 
254-255 

Corrosive sublimate as a soil insecticide, 64 

Cowpea bacteria on lima beans, 291-292, 
296-297, 299 

Cowpeas, nitrogen fixation in seedlings of, 
418 

Cyanides of sodium and potassium as soil 
insecticides, 61-72 


Dachnowski, Alfred P. (paper), Peat De- 
posits in the United States and Their 
Classification; see Peat Deposits in the 
United States, etc., 453-465 

Davis, John J. (paper), Miscellaneous Soil 
Insecticide Tests; see Soil Insecticide 
Tests, etc., 61-76 

Devarda’s method for nitrate determination, 
334 

Dicalcium Silicate, the Effect of, on an Acid 
Soil (paper), Burt L. Hartwell and F. R. 
Pember, 57-60 

Drainage as a factor in peat soils, 459 


Ellet, W. B., and Harris, W. G. (paper), 
Cooperative Experiments for the Com- 
posting of Phosphate Rock and Sulfur, 
315-325 


Fallowing, effect of, on nitrogen economy in 
soil, 253-254, 262-265 

Fertilizer salts, the effect of, on the decom- 
position of vanillin, 240-244 

Fertilizers, Effect of, on Blueberries (paper), 
Charles S. Beckwith, 309-313 

Fixation of nitrogen, preliminary chemical 

studies of the mechanism of, 418-419 
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Gardner, Willard (paper)— 
The Capillary Potential and Its Relation 
to Soil Moisture Constants, 357-359 
A Capillary Transmission Constant and 
Methods of Determining It Experi- 
mentally; see Capillary Transmission 
Constant, etc., 103-126 
Glucose, effect of— 
on nitrate determination, 338 
on the decomposition of vanillin by bac- 
teria in soils, 244 
Greaves, J. 
(paper), The Antagonistic Action of Cal- 
cium and Iron Salts toward other 
Salts as Measured by Ammonifica- 
tion and Nitrification; see Calcium 
and Iron Salts, etc., 77-102 
and Carter, E. G. (paper), Influence of 
Moisture on the Bacterial Activities 
of the Soil; see Moisture, Influence of, 
etc., 361-387 


Haag, J. R., McCall, A. G., and (paper), 
The Hydrogen-Ion Concentration of 
Certain Three-Salt Nutrient Solutions 
for Plants, 481-484 

Hansen, Roy, Whiting, A. L., and (paper), 
Cross-Inoculation Studies with Nodule 
Bacteria of Lima Beans, Navy Beans, 
Cowpeas and Others of the Cowpea 
Group, 291-300 

Harris, W. G., Ellet, W. B., and (paper) 
Cooperative Experiments for the Com- 
posting of Phosphate Rock and Sulfur, 
315-325 

Hartwell, Burt L., and Pember, F. R. 
(paper), The Effect of Dicalcium Sili- 
cate on an Acid Soil, 57-60 

Hydrogen-ion Concentration— 

and amounts of available phosphoric acid 
in rock phosphate and sulfur mixtures, 
327-332 
Determination of the, by the Colorimetric 
Method and an Apparatus for Rapid 
and Accurate Work (paper), Ernest 
Van Alstine, 467-479 
effect of— 
on growth of alfalfa, 301-307 
on nitrogen content of alfalfa, 304-305 
on root formation, 305 
measurements of, in problems of soil fer- 
tility and plant growth, 301 
method of adjusting the, in soils, 302-303 


of Certain Three-Salt Nutrient Solutions 
for Plants (paper), A. G. McCall and 
J. R. Haag, 481-484 
Hopkins method for soil-acidity determina- 
tion, 153 
Humus, the percentage relations of the am- 
monia soluble organic phosphorus to, 
135-136 


Insects, control of underground, 61-76 

Tron as a factor in soil acidity, 187-190 

Tron salts, antagonism of, toward sodium, 
potassium, calcium, magnesium, iron 
salts, 83-99 


Joffe, Jacob S. (paper), The Influence of 
Soil Reaction on the Growth of Alfalfa; 
see Alfalfa, the Influence of, etc., 301- 
307 

Joffe, J. S., Lipman, J. G., and (paper), The 
Influence of Initial Reaction on the 
Oxidation of Sulfur and the Formation 
of Available Phosphates, 327-332 

Johnston, Earl S. (paper), Nutrient Require- 
ment of the Potato Plant Grown in Sand 
Cultures Treated with “Type I” Solu- 
tions; see Potato Plant, Nutrient, etc., 
389-409 


Karraker, P. E. (paper)— 
The Effect of the Initial Moisture in a 
Soil on Moisture Movement, 143-152 
Notes on the Conference on Elementary 
Soil Teaching, Held at Lexington, 
Kentucky, June, 1920, 247 
Kerosene emulsion as a soil insecticide, 63-64 
Kinney, E. J., Peter, A. M., Buckner, G. D., 
and (paper), The Concentration of 
Sodium Nitrate Tolerated by Tobacco 
Plants, 487-491 
Komp, William H. Wood (paper), The Use 
of Carbon Bisulfide Against the White 
Grub; see Carbon Bisulfide, the Use of, 
etc., 15-28 
Kopper’s solution as a soil insecticide, 65 


Leach, B. R. (paper), A Study of the Behav- 
ior of Carbon Bisulfide when Injected 
into the Soil and its Value as a Control 
for the Root-Form of the Woolly Apple 
Aphis; see Carbon Bisulfide, A Study of, 
etc., 421-451 
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Legume bacteria, effect of nitrates on, 343- 
345 
Legumes, effect of, on nitrogen content of 
soils, 249-250, 281-285 
Lima-bean bacteria on cowpea, 291-292, 296- 
297, 299 
Lime— 
content in peat soils, 461 
significance of, in soil fertility, 1-14 
. Limestone, determination of carbon-dioxide 
in, 42 
Lipman, J. G., and Joffe, J. S. (paper), The 
Influence of Initial Reaction on the 
Oxidation of Sulfur and the Formation 
of Available Phosphates, 327-332 


Magnesium content of 34 species of plants, 
50-51 

Magnesium chloride, antagonism of, towards 
calcium sulfate, 82-83 

Magnesium sulfate— 

antagonism of, towards calcium sulfate, 
82-83 
effect of, on green-weight production in 
potato plants, 395-396 - 

Manganese as a factor in soil acidity, 187- 
190 

Marl, determination of carbon dioxide in, 42 

Marls and limestones, estimation of carbon 
dioxide in, 42 

Massey, A. B., Robbins, William J., and 
(paper), The Effect of Certain Environ- 
mental Conditions on the Rate of De- 
struction of Vanillin by a Soil Bac- 
terium; see Vanillin, The Effect of, etc., 
237-246 

McCall, A. G., and Haag, J. R. (paper),The 
Hydrogen-Ion Concentration of Cer- 
tain Three-Salt Nutrient Solutions for 
Plants, 481-484 

McCool, M. M., and Millar, C. E. (paper), 
The Formation of Soluble Substances 
in Soils taken from Widely Separated 
Regions; see Soluble Substances, Forma- 
tion of, etc., 219-235 

Microorganic action in peat deposits, 461- 
462 

Microorganisms, the réle of, in the ameliora- 
tion of toxicity of organic compounds 
in the soil, 244-245 

Millar, C. E., McCool, M. M., and (paper), 
The Formation of Soluble Substances in 
Soils Taken from Widely Separated 


INDEX 


Regions; see Soluble Substances, Forma- 
tion of, etc., 219-235 
Mirasol, Jose Jison (paper), Aluminum as a 
Factor in Soil Acidity; see Aluminum as 
a Factor, etc., 153-218 
Moisture— 
Influence of, on the Bacterial Activities 
of the Soil (paper), J. E. Greaves and 
E. G. Carter, 361-387 
bacterial activity vs. crop production, 
380-381 
influence of water on nitrogen fixation, 
374-380 
methods of experimentation, 364-374 © 
other soil constants and their relation- 
ship to bacterial activities, 381-385 
soils and moisture-holding capacity, 
361-364 
the Effect of Initial, in a Soil, on Moisture 
Movement (paper), P. E. Karraker, 
143-152 
Moor deposits, definition of, 456, 460 
Morainic systems as representatives of cli- 
matic pulsations, 463 


Neller, J. R. (paper), The Oxidizing Power 
of Soil from Limed and Unlimed Plots 
and Its Relation to Other Factors; see 
Soil, the Oxidizing Power, etc., 29-39 

Nitrate— 

content of, roots grown in nitrate solution, 
350-351 
nitrogen in different parts of soybean 
plant, 346 
radical as a source of nitrogen for plants, 
487 
Nitrates— 
effect of— 
darkness on accumulation of, in plants, 
349-350 
in culture solutions containing vanillin, 
241 
on reducing sugars in plant sap, 348 
in plants, 345-350 
methods of determination of, 251 
study of methods of determination of, 333- 
339 
the relation of, to legume bacteria, 343- 
345 
The Relation of, to Nodule Production 
(paper), W. H. Strowd, 343-356 
discussion, 352-354 
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effect of nitrates on legume bacteria, 
343-345 
experimental and methods, 345-352 
introduction, 343 
nitrates in plants, 345 
Nitrification— 
as measured by the antagonistic action of 
calcium sulfate and iron salts toward 
other salts, 77-102 
effect of— 
additions of sodium, calcium, magne- 
sium and iron salts, on, 83, 91-100 
different crops on, 258 
soil moisture on, 368-374, 379-380 
Nitrites and nitrates, their det¢rmination in 
the presence of one another, 339-342 
Nitrogen— 
and Calcium Content of Plants, the Rela- 
tion of, and the Function of Calcium 
(paper), F. W. Parker and E. Truog, 
49-56 
assimilation of, by bacteria for soybeans, 
343 
content of 34 species of plants, 50-51 
content variation of uniform and random- 
weight cowpea seeds, 412 
Economy in the Soil as Influenced by Var- 
ious Crops Grown Under Control 
Conditions (paper), R. C. Wright, 
249-289 
effect of hydrogen-ion concentration on 
per cent of, in alfalfa, 304-305 
nitric, method of determination of, 365 
proportions of, gathered by bacteria, 343 
Nitrogen Fixation— 
by Cowpeas and Nodule Bacteria (paper), 
Albert L. Whiting and Warren R. 
Schoonover, 411-420 
influence of moisture on, 374-380 
Nitrogen-fixing power of soil, determination 
of, 365 
Nitron method for the determination of 
nitrates in plants, 338-339 


Organic acid theory of soil acidity, 155-157 


Parker, F. W., and Truog, E. (paper), The 
Relation Between the Calcium and the 
Nitrogen Content of Plants and the 
Function of Calcium; see Calcium and 
Nitrogen Content of Plants, etc., 49- 
56 
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Peat Deposits in the United States and Their 
Classification (paper), Alfred P. Dach- 
nowsky, 453-465 

area and general distribution, 453-454 

classification of peat deposits, 456-464 

general characteristics of peat deposits, 
454-456 

Peatland areas, classification of, 458 

Pember, F. R., Hartwell, Burt L., and (pa- 
per), The Effect of Dicalcium Silicate 
on an Acid Soil, 57-60 

Peter, A. M., Kinney, E. J., Buckner, G. D., 
and (paper), The Concentration of 
Sodium Nitrate Tolerated by Tobacco 
Plants, 487-491 

Phosphorus— 

as a limiting factor in Virginia soils, 315 
content of 34 species of plants, 50-51 
Organic Content of Ohio Soils (paper), C. 
J. Schollenberger, 127-141 
analytical methods, 128-136 
availability of phosphorus in organic 
compounds, 139-140 
introduction, 127-128 
reaction of soil and organic phosphorus 
content, 136-139 
soils studied, 128 
solubility of, in composts of rock phos- 
phate and sulfur, 327-332 
Plant juices— 
amount of nitrates in, 348-349 
effect of nitrates upon the reaction of, 351— 
352 
Plant Tissue, the Determination of Nitrates 
and Nitrites in (paper), W. H. Strowd, 
333-342 
experimental, 234-341 
introduction, 333-334 

Plants, calcium and nitrogen relation in, 54—- 

55 


.Potassium content of 34 species of plants, 


50-51 
Potassium nitrate, effect on soil acidity in 
leaching with, 182-185 
Potato Plant, Nutrient Requirement of the, 
Grown in Sand Cultures Treated with 
“Type I” Solutions (paper), Earl W. 
Johnston, 389-409 
conclusions, 402-408 
introduction, 389--390 
presentation of results, 393-397, 399-402 
procedure and method of experimenta- 
tion, 390-393, 398 
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Quartz sand, moisture movement in, 151 


Radiobacter from cowpea nodules, 297-299 

Rhizobium leguminosarum, effect of nitrates 
on, 351-354 

Robbins, William J., and Massey, A. B. 
(paper), The Effect of Certain Environ- 
mental Conditions on the Rate of De- 
struction of Vanillin by a Soil Bacte- 
rium; see Vanillin, The Effect of, etc., 
237-246 

Robinson, C. S. (paper), The Determination 
of Carbon Dioxide in Water-Insoluble 
Carbonates; see Carbon Dioxide, De- 
termination of, etc., 41-47 

Rock phosphate and sulfur composts, 315- 
317 

Rye, effect of, on nitrogen economy of soil, 
254-255 


Salicylic aldehyde, the presence of, in soils, 
237 
Salts, effect on moisture movement of 
changes in the surface tension of the 
soil solution by addition of soluble, 144 
Sand— 
cultures for potato plants, 389-409 
method of purification of, 413 
Schloesing method for nitrate determination, 
333 
Schollenberger, C. J. (paper), Organic Phos- 
phorus Content of Ohio Soils; see Phos- 
phorus, Organic Content, etc., 127-141 
Schoonover, Warren R., Whiting, Albert L., 
and (paper), Nitrogen Fixation by Cow- 
peas and Nodule Bacteria, 411-420 
Shedd, O. M. (paper), A Proposed Method 
for the Estimation of total Calcium in 
Soils and the Significance of the Ele- 
ment in Soil Fertility; see Calcium, Esti- 
mation of, etc., 1-14 
Silicate, Dicalcium, the Effect of, on an 
Acid Soil, 57-60 
Silicon as an essential to plant growth, 58- 
59 
Sodium carbonate, chloride, nitrate and 
sulfate, antagonism of, towards calcium 
sulfate, 82-83 
Sodium cyanide— 
as a soil insecticide, 65-72 
effect of, treatment on soil, 71 
Sodium Nitrate— 
Concentration of, Tolerated by Tobacco 
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Plants (paper), G. D. Buckner, A. 
M. Peter and E. J. Kinney, 487-491 
effect of, on the solubility of soil sepa- 
rates, 233-235 
Soil— 
acidity— 
aluminum as a factor in, 153-218 
determination of, by the Hopkins 
method, 153 
iron as a factor in, 187-190 
manganese as a factor in, 187-190 
theories of, 155-157 
bacteria, influence of moisture on activi- 
ties of, 361-387 
behavior of carbon bisulfide in, 421-451 
constants and their relation to bacterial 
activities, 381-385 
content of organic phosphorus in culti- 
vated and virgin, 131-135 
effect of— 
initial moisture in, on moisture move- 
ment, 143-152 
reaction on organic-phosphorus content 
of, 136-139 
fumigation of, with carbon-bisulfide, 15-28 
Insecticide Tests (paper), John J. Davis, 
61-76 
coal-tar or creosote preparations, 64 
introduction, 61-63 
kerosene emulsion, 63-64 
miscellaneous tests, 64-66 
sodium cyanide, 66-72 
method for adjusting the hydrogen-ion 
concentration in, 302-303 
moisture factor in carbon-bisulfide diffu- 
sion, 424, 428-430 
‘Teaching, Notes on the Conference on 
Elementary (paper), P. E. Karraker, 
247 
The Oxidizing Power of, from Limed and 
Unlimed Plots and Its Relation to 
other Factors (paper), J. R. Neller, 
29-39 
conclusion, 36 
experimental methods, 32-33 
history of plots used in experiment, 29- 
32 
relation of carbon-dioxide production to 
other measures in biochemical ac- 
tivity, 34-36 
the oxidizing power of soil from limed 
and unlimed plots, 33-34 
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Soil-Moisture Constants, The Capillary Po- 
tential and Its Relation to (paper), Wil- 
lard Gardner, 357-359 

Soils— 

Solubility of very old, 228-229 

The Formation of Soluble Substances in, 
Taken from Widely Separated Re- 
gions (paper), M. M. McCool and 
C. E, Millar, 219-235 

Soluble Substances, The Formation of, in 
Soils Taken from Widely Separated 
Regions (paper), M. M. McCool and 
C. E. Millar, 219-235 

description of soils, 219-223 
experimental, 233-235 

Soybeans, effect of growing, on nitrogen 
economy in soil, 253-268 

Sterilization of seeds, methods of, 413-414 

Strowd, W. H. (paper)— 

The Determination of Nitrites and Ni- 
trates in Plant Tissue; see Plant Tis- 
sue, The Determination of, etc., 333- 
342 

The Relation of Nitrates to Nodule Pro- 
duction; see Nitrates, the Relation of, 
etc., 343-356 

Subsoils, formation of soluble material in 
surface and, 223-228 

Sugar beets, effects of, on the nitrogen econ- 

omy of soil, 254-255 
Sulfates, effect of, on the root development 
- of alfalfa, 305 

Sulfur— 

and Phosphate Rock, Cooperative Experi- 
ments for the Composting of (paper), 
W. B. Ellet and W. G. Harris, 315- 
325 

Oxidation and the Formation of Available 
Phosphates, the Influence of Initial 
Reaction on (paper), J. G. Lipman 
and J. S. Joffe, 327-332 

Sulfuric acid as a soil insecticide, 64 

Symbiotic fixation of atmospheric nitrogen 
by legumes, 419 


Swamp and overflowed land, classification - 


of, 455 


Temperature, effect of soil, on carbon- 
bisulfide diffusion, 424, 438-439 

Timothy, effect of carbon-bisulfide treat- 
ment for grubs on, 18 

Toxicity, effect of dicalcium silicate on, in 
acid soils, 59 
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Triangular— 
diagram for potato plant sand cultures, 
403-404, 406 


system in the study of the effect of fer- 
tilizers on vanillin, 241 
Truog, E., Parker, F. W., and (paper), The 
Relation between the Calcium and the 
Nitrogen Content of Plants and the 
Function of Calcium; see Calcium and 
Nitrogen Content of Plants, etc., 49-56 


Van Alstine, Ernest (paper), The Deter- 
mination of Hydrogen-Ion Concentra- 
tion by the Colorimetric Method and 
an Apparatus for Rapid and Accurate 
Work, 467-479 

Vanillin, The Effect of Certain Environ- 
mental Conditions on the Rate of De- 
struction of, by a Soil Bacterium (pa- 
per), William J. Robbins and A. B. 
Massey, 237-246 

determination of vanillin, 238-240 
effect of— 
acidity and alkalinity on the decompo- 
sition of vanillin, 239-240 
aeration on the rate of decomposition 
of vanillin, 240 
fertilizer salts on the decomposition of 
vanillin, 240-244 
glucose on the decomposition of vanillin, 
244 
Vegetation as an index for peat soils, 458 


Water requirement for the potato plant in 
sand cultures, 407 

Water-soluble salts in soils as indicated by 
freezing-point depressions, 225-235 

Wheat, effect of— 

on the nitrogen economy of soil, 254-255 
vanillin on the growth of, 240-241 

Whiting, A. L., and Hansen, Roy (paper), 
Cross-Inoculation Studies with Nodule 
Bacteria of Lima Beans, Navy Beans, 
Cowpeas and Others of the Cowpea 
Group, 291-300 

Whiting, Albert L., and Schoonover, War- 
ren R. (paper), Nitrogen Fixation by 
Cowpeas and Nodule Bacteria, 411-420 

Wright, R. C. (paper), Nitrogen Economy 
in the Soil as Influenced by Various 
Crops Grown under Control Conditions; 
see Nitrogen Economy in the Soil, etc., 
249-289 


‘ 
: 
ay 
; 
J 
4 
i 
y 
] 


Apparatus 


FOR 


Tests 


Especially 
Leeds & Northrup Electric Measuring Apparatus 
Including Hydrogen Ion Apparatus 
Eppley Poten-Titration Apparatus 
Eppley Standard Cells 
Freas and Eppley Sensitive Water Thermostats 
Hortvet Cryoscope 


Bingham & Green Variable Pressure Viscometer 
and Plastometer 


Freas, Washburn and other Conductivity Cells 


Kraus Mercury Vapor Pumps and Columbia Model 
Vacuum Gauges 


Morgan and Traube Drop Weight Apparatus 
U. S. Navy Form Emulsifier 


Weiser, Lumsden and other forms of Vapor Density 
Apparatus 


Apparatus as described in Findlay’s Physical Chemistry 


Write for Corresponding Sections of our New General 
Apparatus Catalogue now ready 


PITTSBURG BRANCH 
2011 JENKINS ARCADE 


New YOrK 
Srp AVE. 181TH tro STB, 


Physical Chemical 
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INFORMATION FOR CONTRIBUTORS 


Sort ScreNcE is devoted to the broader outlook of the entire field of soil fertility. Articles dealing 
with the more important facts, observations, deductions and problems of soil biology, soil chemistry, 
and soil physics are published. Papers devoted to plant physiology, agronomy, bacteriology, or geol- 
ogy are accepted for publication if they contribute directly to the knowledge of soil fertility. The 
study of the mineral and organic constituents of soils, soil gases, soil water as a solvent of soil material, 
soil colloids, the transformation of commercial plant foods in soils, questions that deal with the funda- 
mental facts of soil fertility and productivity, are given consideration. The phenomena concerning soil 
micro-organisms, such as bactcria, molds, protozoa, and algae, receive careful attention. 


Manuscript submitted for publication and communications concerning editorial matters should be 
sent to Jacob G. Lipman, New Jersey Agricultural Experiment Station, New Brunswick, N. J., U.S. A. 


Twenty-five reprints, without covers, of articles will be furnished gratis to contributors when 
ordered in advance. A table giving cost of additional reprints, with an order slip, is sent with proof. 


INFORMATION FOR SUBSCRIBERS 


Sort Science is issued monthly. Each issue consists of approximately 85 pages at present. Two 
volumes a year are planned at present. Each volume consists of approximately 500 pages. Subscrip- 
tions are accepted to begin with the first number of the volume in process. The volumes for the year 
begin with the January and July issues, respectively. The subscription price is $10.00 for 
Volumes XI (Nos. 1-6 inclusive) and XII (Nos. 1-6 inclusive) January, 1921, to December, 1921, 
inclusive, United States, Mexico, Cuba. An additional charge of 25 cents is made for subscriptions in 
Canada, and 50 cents for subscriptions in other countries. Back volumes are supplied on orders 
for Vols. I to X incl. Price, $30.00 United States, Mexico, Cuba; $31.25, Canada; $32.50 other coun- 
tries. Extra single volumes will be supplied on request when in stock at $3.00, United States, 
Mexico, Cuba; $3.15, Canada; $3.25, other countries. Pricesare net, postpaid. 


Correspondence concerning business matters should be addressed to Williams & Wilkins 
Company, Mount Royal and Guilford Avenues, Baltimore, U.S. A. 


Volumes for 1921: Volumes XI and XII. 
Back volumes: Volumes I-X, incl. 


Subscriptions are received at the following addresses: 

For Argentina and Uruguay: Beutelspacher y Cia, Sarmiento 815. Buenos Aires, Argentina. 
For Australia: Stirling & Co., 317 Collins St., Melbourne. 

For Belgium: Henri Lamertin, 58 Rue Coudenburg, Bruxelles. 


For the British Empire, except Australia and Canada: Send to any British bookseller or 
agent, or forward direct to the Publishers. 


For Canada: Wm. Dawson & Sons, Ltd., 87 Queen Street, East, Toronto, Canada. 
For Denmark: H. Hagerup’s Boghandel, Gothersgade 30, Kobenhavn. 

For France: Emile Bougault, 48, Rue des Ecoles, Paris. 

For Germany: R. Friedlander & Sohn, Buchhandlung, Carlstrasse 11, Berlin NW. 6. 
For Holland: Scheltema & Holkema, Rokin 74-76, Amsterdam. 


For Japan and Korea: Maruzen Company, Ltd. (Maruzen-Kabushiki-Kaisha), 11-15 Nihonbashi 
Tori-Sanchome, Tokyo; Fukuoka, Osaka, Kyoto, and Sendai, Japan. 


For Italy: Ulrico Hoepli, Milan. 
For Spain: Ruiz Hermanos, Plaza de Santa Ana, 13, Madrid. 
For Switzerland: Georg & Cie, Freiestrasse 10, Basel. 


For United States and other countries except as above: Williams and Wilkins Company, 
Mount Royal and Guilford Avenues, Baltimore, U.S. A. 


No claims for copies lost in the mails will be allowed unless such claims are received within 30 days 
(domestic), and 90 days, (foreign), of the date of issue. Claimants must state that the publication 
was not delivered at their recorded address. The publishers will not be responsible for loss due to 
change of address unless notification is received at least two weeks in advance of isste. 
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| WHY USE A POTENTIOMETER FOR YOUR 
| HYDROGEN ION MEASUREMENTS? 


| Because— 
; }. Color, turbidity, and conditions of illumination do not affect the accur- 
acy of the measurement. 


Because— 

j 2. Regardless of lack of information as to the medium under test, the 
indicating instrument (galvanometer) unerringly directs you to make 
the correct setting of the dial. 


Because— 
3. The entire range of concentrations—from normal acid to normal basic— 
is covered in one apparatus. 


Because— 
4. Many investigations and tests demand a greater significance of results 
than is attainable by ordinary methods,.even in the hands of a skilled 
experimenter. 


Because— 

i 5. No titrations are necessary. The potentiometer gives a result which is 
determined by the actual Ht concentration of the medium under 

investigation. 


Because— 

6. Should titration to any particular point of acidity or alkalinity be desir- 
able, the potentiometer is a most reliable indicator of the desired end 
point. 

Because— 
7. There is no method for studying the behavior of solutions as regards 
' H* concentrations with changing conditions, which gives so clear an ‘ 
E insight into the meaning of acidity. ; 
And You Should Use a i 


TYPE K POTENTIOMETER 


Because— 
Simplicity and reliability are here combined—the result of years of 
continuous development. 
There are no complicated connections to make, and the ease of opera- 
tion of the Type K is attested to by the many users of the instrument. 


The Type K Potentiometer is only one of the equipments for elec- 
trometric determinations of H-ion described in catalogue 75C. This 
publication also contains a complete discussion of the principles 
underlying such methods, together with a bibliography of fifty 
representative titles of papers dealing with the subject. 


LEEDS & NORTHRUP COMPANY 


ELECTRICAL MEASURING INSTRUMENTS 
4901 Stenton Avenue Philadelphia, Pa. 
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[Just Published] 


For Chemists, Metallurgists, Biologists, and Bacteriologists 


The Determination of 
Hydrogen Ions 


W. Mansfield Clark, Ph.D. 


This treatise on the hydrogen electrode, indicator, and supplementary 
methods of determining hydrogen ion concentrations, with an indexed bib- 
liography of eleven hundred references on applications, is an important con- 
tribution to the literature in this field. 


Are You Interested in 


- analytical methods, in the acidity of your garden soil, in enzymes, in blood 
and the determination of acidosis, in modern methods of handling protein 
solutions, in the cultivation and study of bacteria, yeasts, molds and tissue, 
in autolysis, hydrogen ion catalyses, colloids, the digestive system, filtration, 
a oe natural waters, the hydrogen ion concentration of biolog- 
ical fluids 


If so, you will need the methods and the references found in . 


The Determination of Hydrogen Ions 
Limited Edition . 318 pages 


NUMEROUS ILLUSTRATIONS INDICATOR CHART IN COLORS 


WILLIAMS & WILKINS COMPANY, Publishers 


awp Wiixins Comparr, 
Mount Royal and Guilford Avenues, 
Baltimore, U.S. A. 


Please enter an order for............ copy(s) of The Determination of Hydrogen Ions by W. Mansfield 
Clark, Ph.D. Remittance for $5.00, United States, Mexico, Cuba; $5.25, Canada; $5.50, other countries, ir 
enclosed to cover. (or) Remittance will be made on receipt of your statement. (or) Remittance will be made 
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IMPORTANT NOTICE 


TO 
SOIL SCIENCE SUBSCRIBERS 


Soil Science has a considerable deficit on every volume published 
since it was established. 


In 1920 the deficit was approximately two thousand dollars against 
each volume published. 

Although the number of new subscribers has steadily increased each 
year, the increase in revenue has not paralleled the increase in the 
cost of manufacturing. Soil Science has secured a thirty per cent 
increase to its subscription list since 1918, whereas the cost of man- 
ufacturing and distributing the serial has increased over one hun- 
dred per cent. 


Rather than reduce the number of pages published a year, it has 
been thought best by the editor and the publishers to increase the 
subscription price from three dollars ($3.00) to five dollars ($5.00) 
a volume. In so doing, Soil Science will be offered at what is gen- 
erally recognized as a standard price, i.e., five hundred pages per 
volume for five dollars ($5.00). 


It is believed that all subscribers will thoroughly appreciate the im- 
possibility of the publishers continuing to supply Soil Science at such 
a considerable loss and will wish to co-operate in these plans to 
continue the splendid work accomplished by the periodical. 


WILLIAMS & WILKINS COMPANY 
PUBLISHERS 
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DIRECTORY OF FERTILIZER MANUFACTURERS AND DEALERS 


The American Agricultural Chemical Co. | RASIN- MONUMENTAL CO. 


Subsidiary of the 
VIRGINIA-CAROLINA CHEMICAL CO. 
2 RECTOR STREET Manufacturers of 
a" Fertilizers and Sulphuric Acid 
Cable Address: Agrichem New York City BALTIMORE MARYLAND 


BAUGH & SONS CO. | Steacy & Wilton Company 


Manufacturers of 


urers and Importers 
Menutacturers pe “Sterling”? Brand Hydrated Lime 


Office: 20 South Delaware Ave. Philadelphia Pa. 
Works: Foot of Morris St. P WRIGHTSVILLE PENNA. 


HAFLEIGH & COMPANY CHARLES WARNER COMPANY 


| Manufacturers of Warner's 
Manufacturers of | ” 

| 

j (Pure “Cedar Hollow” Hydrated Lime) 


American, Somerset, Philip and Cambria Sts. | ALSO FINELY PULVERIZED LIMESTONE 
PHILADELPHIA, PA. | Wilm’n, Del. Philada., Pa. _N. Y. City 


N. J. Fertilizer & Chemical Co. 


Works 
Croxton, Jersey City, N. J. 
Office 
136 Water St. New York City 


BULLETIN OF THE TORREY BOTANICAL CLUB 


Monthly; established 1870. Each issue averages about 40 pages and 2 plates. Devoted to 
botanical contributions of the widest range; morphological, physiological, taxonomic, ecological, 
and geographical. $4.00 a year. 


TORREYA 


A bimonthly journal of botanical notes and news; established 1901. About 20 pages in each 
issue. $1.00a year. 


MEMOIRS OF THE TORREY BOTANICAL CLUB 


Issued at irregular intervals since 1889. Consisting of papers too Jong for publication in the 
Sixteen volumes completed. $3.00 a volume. 


Address, Treasurer Torrey Botanical Club, 
FRANCIS E. PENNELL 
New York Botanical Garden, Bronx Park, New York City. 
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INTERNATIONAL 
CENTRIFUGES 


INTERNATIONAL 
EQUIPMENT COMPANY 
352 Western Ave. (Brighton) 
BOSTON, MASS. 
Catalog Cy. on request 


THE JOURNAL 


OF 


CANCER RESEARCH 


The official organ of the 
American Association for Cancer Research 


WILLIAM H. WOGLOM 
Editor 


The Journal is of interest from the practi- 
cal and theoretical standpoints. 

Five dollars a volume—United States and 
Canada. Five dollars and fifty cents else- 
where. 


Order from 


WILLIAMS & WILKINS CO. 
Baltimore, U. S. A. 


2169/18—Wolfhuegel’s Counting Apparatus, consistin 
Counting Plate No. 2169/17 wit polished wooden 
containing drawer for accessories 


by gas or 
and 200x100 mm. with and without stopcocks. 


210-214 South 4th Street 


$6. 


2169/26—Novy’s Apparatus for Tube Cultures of Anaerobes, 
te method. In two sizes: 150x380 mm. 


SPECIALTIES: 


Best Grade of American Glassware, 
“‘Non-Sol,” “Perfection” and “‘Pyrex;”’ 
. H.H.C. Co’s. Crimped White Filtering 
Paper, Filtering Rapidly, specially 
manufactured for us in America; 
_Swedish and English Filtering Papers: 
Royal Berlin and Haldenwanger Berlin 
Porcelain Ware: Best American Porce- 
lain Ware; Troemner and Becker Bal- 
ances and Weights; Platinum Wire, 
Foil and Ware; Fused Silica Laboratory 
Utensils Hanovia Pure 
Transparent Quartz Glass; Alundum 
Ware; Hoskins’ Electric Furnaces; Le 
Chatelier’s Pyrometers; Bausch and 
Lomb Microscopes and Accessories; Hy- 
drometers and Thermometers of every 
description; Chemically Pure Acids and 
Ammonia; Merck’s, Baker and Adam- 
son’s and J. T. Baker Chemical Co.'s 
Chemicals and Reagents; Caustic Pot- 
ash and Soda, purified in sticks and 
pure by alcohol; Acetate of Lead, 
Cyanide Mixture, Soda Ash and Com- 


mercial] Caustic Soda. 


HENRY HEIL CHEMICAL CO. 


St. Louis, Mo. 
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BOTANICAL ABSTRACTS 


—is an index of international botanical progress. 

—stands for accuracy, completeness, and prompt publication. 

—published 3052 entries in Volumes I and II. 

—trefers to more than 2000 serial publications to secure abstracts and citations for Vols. III 
and IV. 

—accompanies non-English titles with an English translation. 

—publishes all abstracts in English. 

—uses a thorough system of cross references. 


—allows the quickest possible reference to all botanical articles, by a typographical arrange- 
ment that permits prompt reference to author, title, and place of publication. 


—furnishes to workers, having restricted library facilities, information concerning all articles 
published in the botanical field. 


—furnishes to workers, having access to large libraries, a thorough classification by subjects— 
an invaluable reference aid and time saver. 


—has been ordered by subscribers in Algeria, South Africa, East African Protectorate, British 
Central Africa, Portuguese East Africa, Union of South Africa, Argentina, Brazil, 
Ecuador, Paraguay, Australia, British Guiana, British West Indies, Canada, China, 
Cochin-China, Cuba, Denmark, Dutch East Indies, Egypt, England, Federated 
Malay States, France, Hawaii, Holland, India, Ireland, Italy, Japan, Mexico, New 
Zealand, Norway, Peru, Philippine Islands, Portugal, Porto Rico, Scotland, Sweden, 
Switzerland, Tunis, Wales, and in every State in the United States of North America. 


—offers infinitely more as an investment than any other publication issued in this field. 


Do You Feel That You Can Afford 
To Be Without Botanical Abstracts? 


SUBSCRIPTION ORDER FOR BOTANICAL ABSTRACTS 
Issued Monthly 
(Volume I, No. 1, was published September, 1918) 
Current Volumes: VII and VIII 


Wituiams & WILKINS CoMPANY 
Mount AND GUILFORD AVENUES, 
BattimorE, Mp., U.S. A. 


Please enter a subscription for Boranicat Asstracts, Vols. VII and VIII, and forward 
numbers as issued. Remittance for $6.00, United States, Mexico, Cuba; $6.25, Canada; 
$6.50, other countries, is enclosed to cover two volumes. 


The Back Volumes (Vols. I and II) are out of print 


Subscriptions can be filled for Volumes III, IV, V, and VI 


2 
a 
oo 
i 
We 
! 
y 4 
e 4 
2 4 
n 4 
e 
d | 
4 
y { 
d 4 
(State whether Dr., Prof., etc.) 
4 


The Test of Experience 


Has Proved the Worth of 


THE TRUOG SOIL ACIDITY TESTER 


= 


No. 12404 


which is made after specifications by Prof. E. Truog of the University of Wiscon- 
sin, is easily used and gives a positive test which is especially valuable in the case 
of slightly acid soils. It 
MAKES USE OF A READILY EVALUATED COLOR CHANGE 
~ to indicate clearly not only the presence of soil acidity but also the degree or 
amount of the acidity, and hence the seriousness of the need of lime. The tester 
consists of a specially designed Alcohol Heater, together with a Graduated Boiling 
Flask, Brass Measuring Cup, Brass Measuring Spoon, Spatula, Distilled Water 
Container and all reagents necessary 
TO INDICATE 


the acidity of the soil which is being tested. The test is completed in from 10 to 


15 minutes and 
THE PRESENCE 
of acidity is shown by discoloration of the white test paper used, 
AND THE DEGREE OF 


acidity by the exact color assumed by the paper as compared with a chart of stand- 
ard colors furnished. A full set of directions giving exact description of the test 
with all precautions is included. The Truog 


SOIL ACIDITY 


Tester is furnished in a neat hardwood carrying case of small dimensions so that 
the test may be conveniently made in the field. 


Price, $12.00 


Cur Catalog A16 of Agricultural and Biological Apparatus lists the apparatus sedi d 
for the study of Agriculture and will be sent free to Teachers on Request 


CENTRAL SCIENTIFIC ComPANy 


460 East Ohio Street 
CHICAGO U.S. A. 
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HOW SHALL WE BEST USE 
SULPHATE OF AMMONIA 


Sulphate of Ammonia is the most important carrier of 
nitrogen in American agriculture. The possibilities of its use 
in mixed fertilizers and as a nitrogenous top dressing are only 
beginning to be realized. The production has doubled in the 
last five years through new by-product ovens, yet one-half of the 
possible production from the coke now made is wasted every 
year due to the use of old beehive coke ovens. The by-product 
ovens will replace the beehive ovens as the demand for by- 
products warrant such changes. 


In every state where commercial fertilizers are used, or 
appear likely to be needed, questions as to the best methods 
of using Sulphate of Ammonia in agronomy, olericulture, and 
horticulture, will be asked. In most cases the best answers 
cannot be given without experiment and investigation. Fre- 
quently tests extending over a term of years are deemed 
advisable. The sooner such work is put under way, the sooner 
helpful local data will be available. There are also many 
problems lying more in the region of research that require 
solution and invite the consideration of agricultural scientists 
and students. 


AMMONIA SALES AGENCY DEPARTMENT 
17 Battery Place, New York 


AGRICULTURAL DEPARTMENT 
New York, N. Y. Atlanta, Ga. Baltimore, Md. 
Medina, Ohio Berkeley, Cal, 
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THE LIFE OF 
CHILEAN NITRATE DEPOSITS 


Estimated Life of | 

D Upwards of 

Veposits at present | 300 | 

rate of World’s_ 

Years 
consumption 4 

Total | 720 
Nitrate Deposits Million 
in Chile Tons 


For reliable information write 


DR. WM. S. MYERS 


DIRECTOR 


U. S. DELEGATION 


CHILEAN NITRATE COMMITTEE 


25 Madison Ave., New York € 
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